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EXAMINATION OF INDIAN SHARK-LIVER OILS FOR 
' VITAMIN A AND SOME ANALYTICAL 

CHARACTERISTICS. 

relationship between the extinction coefficient of 

CARR-PRIGE REACTION AT ITS ABSORPTION MAXIMUM 
, AND INTERNATIONAL UNITS. 


BY 

S. M. BOSE, 


AND 


V. SUBRAHMANYAN. 

(From the Department of Biochemistru, Indian Instilitte of Science, 
i Bangalore.) 


[Rccoivecl for pnWic,ition, May r>, 1!)48.] 

Infoemation regarding the physical and chemical properties of Indian shark- 
liver oils is meagre and the limits of variations of the different analytical values 
are not available. . In this paper, the analytical values which have a more or less 
direct beating on the keeping quality of shark-liver oils have been reported. 


, Experimental. 

Tventyrsi.x genuine specimens of commercial shark-liver oils were olitained 
from Ufadras, Travancore and Bombay and were stored in the refrigerator up to 
the time of experiments. Samples Nos. 27 and 28 were diluted with refined 
ground-mit oil by the suppliers. 

Standard methods were followed for the determination of acid, saponification 
and acetyl values. The first few samples were tested for the iodine values both 

. MR { 1 ) 1 



2 Examination of Indian Sharic-Liver Oils for Vitamin A. 

b)’’ the standard AA^ij’s inetliod as well as by the Rosenmuud and Kulinlioim’s 
method as described by Vere-Zones (1936). The other samples were analysed 
by the latter method only, as it was found to be more convenient. The figures 
obtained by the AA^ij’s method were found to be slightly higher than those by the 
other method. 

Peroxide number was determined by the AA^heeler’s (1932) method as modified 
by Stansby (1941) and was expressed in terms of millilitres of I'O N thiosulphate 
per kilogram of oil. The unsaponifiable matter was determined with a slight 
modification of ' the method recommended by the Society of Public Analysts 
(1933). The iodine value of the unsaponifiable matter was determined by the 
Rosenmund and Kuhnheim’s method and the iodine value of the glycerides ‘ 
was calculated from the iodine values of the whole oil and of the unsaponifiable 
fraction. 

The moisture content of the oil was estimated from the loss in weight on 
drying the oil at the temperature of boiling water, taking the necessary precau- 
tions for obviating chances of oxidation of the oil and consequent gain in weight. 
The oil was spread in a thin layer in a conical flask closed with a rubber-cork, 
having two glass-tubes one of which terminated just above the oil-layer and the 
other below the cork. Through the first tube nitrogen dried by bubbling through 
concentrated sulphuric acid was passed in a slow but steady stream. A long 
calcium chloride tube ■was attached to the end of the other tube so as to facilitate 
quick removal of moisture from the oil and to prevent contamination wdth any 
atmospheric moisture during drying. 

The induction period of the oil was determined at 65°C. by the oxygen- 
absorption method (Bose and Banerjee, 1945). 

ATtamin A was estimated by three different methods: (i) Lovibond tinto- 
metric method as developed by Carr and Price (1926) and modified by Coward 
et al. (1931) ; (n) Pulfrich photometric method (using the filter S.61) as stan- 
dardized in this laboratory (Rao, 1944) ; (m) Hilger -vitameter A method as 
recommended by the ATtamin Assay Committee of the American Drug Manu- 
facturers’ Association (1937). The Hilger vitameter A which was previously 
standardized against a Hilger quartz spectrophotometer in this laboratory 
(Rao, loc. cit.) -u^as used for this study. The results obtained by (i), (n) and 

(in) were expressed as Carr-Price blue values, B [ °4. E | 328m/z values 

respectively. For converting E J 328m/4 values into international units per 

gramme, the factor 1,600 as recommended for fish-liver oils by the Inter- 
national Conference on Vitamin Standardization, 1934 (quoted by Edisbury, 
1940) was used. For the isolation of the unsaponifiable fraction required for 
vitamin A estimation, the method of Morgan et al. (1935) was followed with a 
slight modification. 

The results of the analyses are given in Tables I, II and III. The iodine and 
saponification values are given to the nearest integer. 



Analytical characteristics of shark-liver oils. 
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0'08 ... ISO I 108 I2-S 0-S 7-4 0-88 10'52 190 152 


Table I — concld. 
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Table II. 

Vitamin A vahies of shark-liver oils : relationship between B { values ami international units. 
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Average for samples ... 1-34 ... i ... 1-17 2-31 ... 944-8 713-0 


S. M. Bose and V. Siihralimanyan. 1 


Table III. 

TJse of the conversion factors for expressing 5 | valves into 
international units. 



VlTAJnN A EXPRESSED AS : 

Peeoextaoe 

DIITERENCE*. 

Sample 
of oil. 

2 t % 

^ 1 cm. 

E ? % 

1 era. 

j (unsap. 

1 matter). 

d 

I. U. per g. (calculated). 



Whole 

oil. 

a 

j TJnsap. 
matter. 
h 

d X 1,600 

1 

a X 945 

b X 713 

Whole 

oil. 

Unsap. 

matter. 

29 

7-33 

11-73 

\ 

4-51 

7,216 

1 

6,926 j 

j 

8,364 

-4-02 

-1-15-90 

30 

3-81 

^ 0-40 

2-08 

4,288 

3,599 1 

4,563 

-16-07 

K 

|.-f''‘'6-41 

.31 

1 17-GS 

19-80 

8-32 

13,312 

10,708 

14,117 

-t 25-51 

-f 6-04 

32 

901 

14-90 

G*01 1 

9,616 

9,080 

10,623 

-5-57 

-f 10-47 

33 

7-lG 

• 11-32 

4-42 

7,072 

6,766 

8,072 

-4-32 

-M4-14 

34 

8-73 

13-02 

5-21 

8,336 

8,249 

9,281 

-1-04 

-1-11-33 

35 

22-7.5 

24-57 

1 

12*22 

1 

19,552 

21,499 

1 

17,618 

-f-9-95 

-10-40 


* These figures represent the per cent that the international units ealculated from the I* J 

1 9/ 

values are more or loss than the international units caleulated from E ^ values. 


Discussion. 

The acid values for most of the samples examined were undesirably hirrh. 
IMost of the oils of higher acidity had usually dark colour compared to the litrht- 
yellow colour of the oils of lower acidity and had an unpleasant sour odour. 

The variations in the characteristics were maximum with the samples Nos. 27 
and 28, because these were diluted with refined ground-nut oil by the suppliers 
so as to bring down the potenc}’ to a standard level. For the remaining 26 samples 
examined, the saponification values varied from 140 to 190, the acid values from 
0-4G to 2G-0o, the acetyl values from 12T to 38’2, the iodine values from 140 to 163 
the unsaponifiablc matter from 1'55 to 13'27 per cent, the iodine values of the 
unsaponihablc matter from 132 to 192, jieroxide number from 0 to 6'2, induction 
period at G5°C. from 3-5 to S'S hours, moisture content from 0-26 to 2-09, and the 
iodine values (calculated) of the glycerides from 141 to 161. Evers ct al. (1936) 
obtained fairly constant iodine values for the glycerides of different samples of 
halibut-liver oils. 
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The acetyl value appeared to increase more or less with the increasing free 
fatty-acids content of the oils, the acetyl values of the oils having higher acid 
values ha^dng been found appreciably higher than those of the oils having lower 
acid values. 

As may be normally expected, the saponification value decreased with increas- 
ing unsaponifiable matter content of the oils. In the first few samples, there was 
some correlation between the unsaponifiable matter content and the iodine value, 
but, later, no consistent relation could be established. It was obviously a mere 
coincidence that the oil (sample No. 16) containing the highest amount of unsaponi- 
fiable matter was found to have the highest iodine value obtained for any of the 
samples analysed. 

Furthermore, there was no relationship between the iodine value and the 
induction period of the oil. This is to be expected, because the induction period 
of an oil depends not only on its unsaturation but also on the relative proportion 
of the presence of natural anti-oxidants and pro-oxidants. However, with oils 
of higher iodine values, the rate of absorption of oxygen after the induction period, 
was usually found to l^e faster. 

The vitamin A potency for the 35 samples analysed varied from 656 to 21,984 
I. li. per gramme of oil. 

The B } values for the unsaponifiable fractions were found to be invari- 
ably higher than those for the whole oils. The ratio, B ^ ^ value (unsap. 
matter) : B ^ value (whole oil), ranged between r02 and 1’72 for the 28 samples 

analysed, the average being 1‘34. The ratio tended to be lower for the richer oils 
and higher for the poorer oils. This suggested the presence of some saponifiable 
substance in the oil, which inhibited the development of maximum blue colour. 
Rajagopal (1941) showed that the Carir-Price blue values for the unsaponifiable 
fractions of shark-liver oils were higher than those for the whole oils by 1‘60 
times on the average. 

On the other hand, the E { 328m/x values were found to be lower for 

the unsaponifiable portions than for the whole oils. The ratio, E J (whole 

oil) : E J ^ (unsap. matter), was found to range between 1‘03 and 1’34, the average 

being 1‘17. This ratio also tended to be lower for the high potency oils than for 
the low potency oils. The higher extinction coefficients for the whole oils 
were due to some factors other than vitamin A, which could have appreciable 
absorption at 328m/x, and could be removed by saponification. Edisbury (loc. cit.) 
demonstrated that the higher values of the margarines, when tested directly, 
were due to the considerable irrelevant absorption by the glycerides at 328m/n. 

The ratio, B } : E } ^ , for the unsaponifiable portion of the oil, was found 

to vary from 1*84 to 2*68 (neglecting only one lowest value 1*22 and one highest 
value 2*97), the average being 2=31 for 28 samples. The ratio reported by 
Rao {Joe. cit.) for whole oils was 1*92, the average for 10 samples of shark- 
liver oils. 
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While the factor 1,600 was internationally accepted for converting E | 
328mfx into I. U., there is no similar conversion factor for the B J ^ values. 

Rao {he. cit.) reported that the factor for converting B J values for whole oils 

into I. U. varied with a wide range of 500 to 1,430 in 10 samples of shark-liver oils. 
In this investigation also, it was observed that when whole oil was used, the con- 
version factor varied enormously ranging from 763 to 1,616, average being 945 for 
28 samples. The range of variation was, however, narrower when the unsaponi- 
fiable fractions were used and was found to be between 597 and 870 (neglecting 
only two figures, one, the lowest value 538 and the other, the highest value 1,312), 
the average being 713. 

In the case of the other seven samples of oils (Table III), no additional ad- 
vantage of using the conversion factor for unsaponifiable fraction only was found. 
However, the use of the factor for the whole oils was not -vety satisfactory as was 
ob^'ious from the wide range of variation in the case of the first 28 samples. 
Vitamin A potency in terras of I. U. is well known to the manufacturers and to the 

public. If for this reason it is necessary to express B | values into I. U., only 

approximate results can be obtained by using the conversion factor 713, the values 
being determined on the unsaponifiable fractions. 

Summary. v 

1. _ Twenty-eight samples of shark-liver oils were analysed for various 
analytical characteristics. 

2. Thirty-five samples were examined for vitamin A potency on the whole 
oils as well as on the unsaponifiable fractions by (i) Lovibond tintometer, 
(n') Pulfrich photometer and {Hi) Hilger vitameter A. 

3. Comparison was made between the vitamin A values determined on the 
Pulfrich photometer and Hilger vitameter A both for whole oils and the tinsaponi- 
fiable fractions. 

\ 0 / 

^ 1 cm. 

The ratio — for unsaponifiable fractions was found to be 2‘31 on 

®iVm. 328-"^* 

the average for 28 samples. 

The ratio PiL®-. -^-as on the aA^erage 945 for whole oils and 713 for un- 

sapomfiable fractions There was less variation in the ratios for unsaponifiable 
fractions than for the whole oils. ^ 

4. The E { 328mn values were found to be lower for the unsaponifiable 
fractions than for the whole oils. 

T,, .. Im. '>■') 

iiie ratio was on the ar-erage 1-17. 

E j (unsap. matti-r) 
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■ 5. The B J S.61 values for the unsaponifiable fractions were found to be 

higher than those for the whole oils. The average ratio of B j ^ value deter- 
mined via unsaponifiable matter to that obtained directly was 1%34. 
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EFFECT OF SOME FACTOES ON THE PEOTECTION OP 
• VITAMIN A IN SHAEK-LIVER OIL BY 
ANTI-OXIDANTS. 


BY 

S. M. BOSE, 

AND 

V. SUBRAHMANYAN. 

{From the Bcparlment of Biochemistry, Indian Inslitnte of Science, Bangalore.) 


[Received for publication, May 5, 1948.] 


The influence of acidity and moistuie and of diffused and direct sunlight on 
the protective action of anti-oxidants has been studied with reference to the com- 
bination of iso-butyl gallate and citric acid used in shark-liver oils. This com- 
bination, ha-snng been found the most effective among all the anti-oxidants tested 
(Bose and Banerjee, 1945), has been selected for this study. 

Literature on the effect of free fatty acids on the protective power of anti- 
oxidants is lacking. Data on the influence of moisture on anti-ox3’’genic action 
are meagre. Newton (1932) found that moisture destroyed the actmty of anti- 
oxidants, Greenbauk and Holm (1934) also noted that in presence of traces of 
water the acid-type anti-oxidants were not so effective as they were in dry oils. 
Holmes cl al. (1936), however, reported that the period for the complete destruction 
of mtamin A in halibut-liver oil protected with hydroquinone and lecithin at 
various levels was increased by about an hour in the presence of about 7 per cent 
water. 

Since commercial samples of pure shark-liver oil were found to have acid 
values ranging from O'o to 20'0 (occasional samples having as high as 26-0) and 
pcrcciitage of moisture varying from 0-26 to as high as 2-09, as reported in the 
previo\ia communication (Bose and Subrahmanyan, 1949, p. 1, (his issue), it was 

( 11 )' 
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tliouglit desirable to study the efiectiveness of tlie anti-oxidants on oils of different 
acidities, both under dry and wet conditions. 

Very little work has been done on the protective action of anti-oxidants in 
presence of sunlight. Evers (1929) found practically no preservative action of 
hydroquinone (0‘05 per cent) on the vitamin A content of cod-liver oil exposed to 
light. Doctor and Banerjee (1939) reported that the presence of hydroquinone 
could not retard the destructive action of light on the" vitamin A in ghee. The 
extent of protection afforded by anti-oxidants to vitamin A in shark-liver oil exposed 
to diffused and direct sunlight has been studied here under accelerated conditions. 


Experimental. 

Each of the samples of oils of varying acid values, that were stored in the 
refrigerator up to the time of experiment, was rigoroush’^ dried on shaking with 
sufficient amount of anhydrous sodium sulphate and filtering the supernatant oil 
through a column of a fresh amount of anliydrous sodium sulphate under suction. 
While treating the oil with sodium sulphate, it was maintained at about 18°C. 
for effective dehydration. 

In two cases, from about two parts of an oil of low acidity, the fatty 
acids were isolated (Rao, 1946) and added to 25 parts of the same sample of oil 
in order to demonstrate the influence of increased free acidity on the degree of pro- 
tection afforded by the anti-oxidants to oils of the same origin but of different 
acidities. 

A portion of each of the dried oils was shaken up thoroughly with 0'5 per cent, 
(by volume) distilled water. In order to study the combined influence of different 
levels of moisture and varying acidities on the anti-pxygenic action, portions of 
each of the three representative samples of dried oils of acid values 0’54, 5’18 and 
14'36 were intimately mixed with TO per cent and 2'0 per cent water (by volume) 
ivliich are the usual moisture contents of commercial samples. 

Half of each of these dried and moist oils was treated with anti-oxidants 
(0'02 per cent iso-butyl gallate -f- O'Ol per cent citric acid) by trituration in a 
mortar and the other halves were used as control samples. One c.c. of each of • 
these control and protected oils was stored at 40°C. in a number of clean and 
dry bottles (50 c.c.) fitted with rubber-stoppers and sealed with rosin-wax. At 
regular intervals, three bottles of each set were taken out, the oils contained 
in them were mixed together and vitamin A in the dry samples as well as 
in the samples containing 0’5 per cent water was estimated by the Pulf- 
rich photometer method with filter S.61 (Rao, 1944). Since the_ Carr-Price 
reaction may be inhibited in the case of the samples containing 1‘0 or 
2'0 per cent water, their vitamin A contents were estimated by the Hilger 
vitameter A method (Vitamin Assay Committee of the American^ Drug Manu- 
facturers’ Association, 1937). The induction periods were determined from the 
curves drawn with time in hours as abscissae and loss in vitamin A (per cent) as 
ordinates. Protection factor was calculated as reported before (Bose and Banerjee, 
loo. cit.). The results are summarized in Table I and the important curves are 
shown in Graphs 1 and 2. 
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Table I. 

Keeping quality of dry and wet samples of shark-liver oils of varying acid 
values treated loith and without anti-oxidants. 


Sample of oil. 


Acid 

value. 

ISDUCTIOK 

Control 

oil. 

PERIOD (HOtras). 

Oil + iso-butyl 
gallate (0-02%) 
-f- citric acid 
(0-01 o/o). 

Protection 

factor. 

A dry 



0-54 

68 

1,034 

14-2 

A moist * 




66 

970 

13-7 

A + 1'0% Water 



...S 

62 

750 

11-1 

A + 2'0% Water 

• •• 



62 

744 

11-0 

A + acids, drj' 


... 

10-87 

60 

522 

7-7 

A + acids, moist 




55 

396 

6-2 

B dry 



5-18 

56 

65-i 

8-9 

B moist 



... 

^ 52 

452 

7-7 

B + 1‘0% water 




48 

254 

4-3 

B + 2'0% water 



... 

46 

238 

' 4-2 

C dry 



0-81 

72 

1,116 

14-5 

C moist 



... 

70 

1,042 

13-9 

C + acids, dry 



1202 

62 

528 

7-5 

C + acids, moist 




o6 

392 

60 

D dry 



2-9o 

5S 

644 

10-1 

D moist 




55 

562 

9-2 

E dry 



1-32 

64 

826 

11-9 

E moist 



... 

61 

744 

11-2 

F dry 



0-9S 

i 68 

1,006 

13-8 

F moist 



... 

66 

938 

13-2 

G dry 


... 

1-SG 

62 

7.50 

11-1 

G moist 


... 

: 

.5S 

002 

in-4 


* The word ‘ moist ’ stands for 0-5 per cent water (by volume). 
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Table I — concld. 




I^’DUCTIO^- 

rERIOD (hours). 

f 

Sample of oil. 

Acid 

value. 

Control 

oil. 

Oil + iso-butyl 
gallatc (0-02%) 
-h citric acid 
(0-01%). 

Protcctio 1 
factor. 

H dry 

19-37 

38 

i 

178 

! 

3-7 

H moist ... ;.. 

! 

30 

78 

1-C 

I dry 

14-36 

44 

304 

5*9 

I moist ... ... ... j 

i 

1 

3S 

1 

190 1 

4-0 

I + 1'0% water 

1 

1 

1 

32 

■ 90 1 

1-8 

T + 2‘0% water 

... 

30 

78 

1-6 


Gkaph 1. 

Effect of acidity and moisture on the Jceejnng quality of control and qnotected oils. 



(1) H moist, control. 

(2) I + 2-0% -water, control. 

(3) I moist, control. 

(4) I + 1’0% -water, control. 

(5) H dry, control. 

(6) B + 1‘0% water, control. 

(7) I dry, control. 

The -word 


Time in hours. 

(S) A + acids, moist, control. 

(9) A+ „ dry 

(10) B moist, control. 

(11) B dry 

(12) A + 1’0% water, control. 

(13) A moist, control. 

(14) A dry „ 

‘ moist ’ stands for 0:5% water 


(15) H moist, protected. 

(IG) I + 2‘0% water, protected. 

(17) I + 1'0% ,, ,, 

(18) H dry, protected. 

(19) I moist „ 

(20) B + 2'0% water, protected. 

(21) B + 1-0% „ 

volume). 
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In order to study the influence of diffused sunlight on the protection of ^^tamin 
A by anti-oxidants, 2 c.c. samples of shark-liver oil (acid value 0'68), treated with 
and without anti-oxidants (0'02 per cent iso-butyl gallate -f- O'Ol per cent citric 
acid), were spread out into a number of closed Petri-dishes (7'5 cm. diameter). The 
first batch of dishes containing both control and treated oils were stored in a dark 


Grai'h 2. 

Effect of acidity and moisture on the protection of vitamin A by anti-oxidants. 



(1) I dry, protected. 

(2) C acids, moist, protected. 

(3) A + „ 

(4) B moist, protected. 

(.5) A + acids, dry protected. 
(G) C -|- „ „ „ 

(7) B dry, protected. 


(S) D moist, protected. 

(0) D dry 

(10) G moist ,, 

(U) A 4- 2% water, protected. 

(12) E moist, protected. 

(13) A -t 1% water, protected. 

(14) G dry, protected. 


(15) E dry, protected. 
(IG)'F moist ,, 

(17) A „ 

(IS) F dry, protected. 
(13) A ,: 

(20) C moist „ 

(21) C dry 


Tlio word ‘ moist ’ stands for 0'5% water (by volume). 


cupboard at room temperature (30°C. to 35°C.). The second batch containing 
similar samples were stored in diffused light of the laborator}* room. At reo-ular 
intervals, two dishes from each set were taken, the oils contained in them were 
mixed together and vitamin A was estimated by the Pulfrich photometer method 
as before. The results are given in Table II. 
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Table II. 


Destruction of vitamin A in control and frotected oils stored 
in darkness and diffused light. 


CONTROL SAMPLES STORED IN : 


Period of 
storage 
hours. 

Daiucness. 

Diffused eight. 

Vitamin A 

B 

1 cm. 

Loss in 
vitamin A 
per cent. 

Vitamin A 

B 

1 cm. 

Loss in 
vitamin A 
per cent. 

0 ' 

8-02 

0 

\ 

S-02 

0 

60 

8-02 

0 

8-02 

0 

120 

7*74 

3-5 

7-32 

8-8 

180 

7-04 

12‘2 

6‘79 

16-4 

240 

i 

5*95 . 

i 

25-8 

5-43 

32;3 


PROTECTED SAMPLES STORED IN : 

0 

8-02 

0 

j j 

i 8-02 

0 

1,080 

1 

; 8-02 

0 

8-02 

0 

1,200 

8-02 I 

1 

0 

0-98 

13'0 

1,320 

8-02 

0 

6-43 

19-8 

1,440 

6-87 I 

14-4 

... 

... 

1,560 

i 

5-43 

32-3 

3-o8 

55’4 

1,680 

3'97 i 

1 

50-5 

... 

... 


For studjdng tlie influence of direct sunlight, a third batch of open Petri-dishes 
containing 2 c.c. samples of the control and protected oils were exposed to direct 
sunlight between K) a.m. and 2 p.m. The temperature of the exposed oils varied 
between 35°C. and 40°C. during the course of the experiment. Every one hour, 
two dishes from each set were transferred to a dark cupboard, the oils contained 
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were mixed together and vitamin A was estimated as before with the least possible 
delay. The results are given in Ta))le III : — 


Table IH. 


Destruction of vitamin A in control and protected oils exposed 
to direct sunlight. 


Periofl of 
storage 
hours. 

1 CONTIlOl,. ^ 

j Protected. 

1 

1 Vitamin A 

1 B 

1 1 cm. 

Loss in 
vitamin A 
per cent. | 

1 

Vitamin A 

B 1°'“ 

1 cm. 

' Los.s in 

1 vitamin A 

1 per cent. 

-i 

0 

1 .S-03 

1 

0 ! 

1 

8-02 

0 

1 

! 6-3.S 

20-8 1 

6-9S 

! 13'0 

O 

.3-.S0 

.S2-6 

3-97 

.50'5 

n 

u 

2*74 : 

} ! 

65-9 

3-32 

, 58-6 

4 . 

j 2-01 j 

' i 

74-9 

"•.SO 

J 68-S 


Discussion. 

The residts given in Table I show that high free acidity not only adversely 
affects the beeping (jnality of the unprotected oils, but also lowers considerably 
the efficiency of the added anti-oxidants. The adverse effect of moisture is more 
prominent against the oils of high acidity than against those of low acidity. The 
combined catalytic influence of increased free acidity and moisture content appears 
to de.stroy the protective power of the anti-oxidants studied. Tlie destructive 
power of I’fl ])er cent water is consistently higher tlian that of 0'5 per cent. Tliere 
seems to be, however, no marked difference between the effects of I'fl and 2'0 per 
cent water content on the storage property of the control oils as well as on the pro- 
tective power of the anti-oxidants, Tliesc observations are of obvious imjiortance 
from the point of view of the practical applicability of anti-oxidants. Freshly 
extracted, moisture-free oils of low acid values only (preferably below I'O) respond 
to the action of the anti-oxidants studied. 

The results given in Table III show that the destruction of vitamin A in shark- 
liver oil exposed to direct sunlight in thin lathers is enormous and the anti-oxidants 
added are incapable of ret.arding the destructive action of direct sunlight. 

The protective power of the anti-oxidants is found to be partly reduced in pres- 
ence of diffused light. The difference between the rates of destruction of vitamin A 
in the control sainples .stored in diffused light and those stored in darkness, how- 
ever. is not considerable. The apparent difference in the rates of destruction of 
vitamin A in shark-liver oil exposed to direct sunlight and those in diffused liffiit 
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may arise from the fact that, in the latter case, most of the ultra-violet rays which 
are known to be powerful agents causing destruction of vitamin A are cut off in 
the process of transmission tlrrough thick glass-panes of the windows and covers of 
the Petri-dishes. The higher rate of destruction in direct sunlight in comparison 
with that in diffused light may be partly accounted for by tlie difference in the 
temperature of the oils subjected to diffused light and direct sunlight, the difference, 
in some cases, being nearly 10°C. under the experimental conditions. 

SUMJIARY. 

1. The influence of acidity and moisture and of diffused and direct sunlight 
on the protection of vitamin A in shark-liver oil by anti-oxidants (0‘02 per cent 
iso-butyl gallate -j- O'Ol per cent citric acid) has been studied. 

2. The high free acidity was found to lower considerably the efficiency of 
the added anti-oxidants. The combined influence of increased free acidity and 
moisture content was found to destroj'^ the protective power of the anti-oxidants 
studied. 

3. The added anti-oxidants could not retard the destructive action of direct 
sunlight. In presence of diffused liglit, the protective power of the anti-oxidants 
was only partly reduced. 
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Introduction and general procedure. 

Analyses ■ of common South Indian food preparations are needed by dietitians 
and doctors in planning diets to meet the requirements of individuals or groups. 
Accordingly, a beginning has been made with some of the common food prepara- 
tions. Although there have been no standardized recipes or standardized methods 
of preparations in South India, the ingredients used in a common preparation are 
the same with perhaps variations in proportions. 

Hotel samples were selected to represent foods consumed by a large number 
of people and other samples were prepared in the laboratory where the ingredients 
were carefully measured. 

Analyses of moisture, protein, fat, total ash, calcium, phosphorus, iron and 
calories were made (a) from four samples of each preparation purchased from 
different hotels in Madras and (6) from one sample prepared in the laboratory 
(called ‘ home-made ’ sample). Two analyses of each sample were made. Since 
the hotel samples were found to differ from the controlled laboratory samples, the 
results are given separately. These analyses were made between June 1914 and 
June 194G. 

Analytical procedure. 

The food preparation was weighed as purchased or made and the dimensions, 
where possible, noted. Of the sample, 200 to 300 grammes were then ground to 
a homogeneous mass and fractions of this were used for each determination. 

1. Moisture . — About 5 to 10 grammes of the sample were dried to constant 
weight in an electric oven at 120°C. and the loss in weight was taken as the moisture 
content. 


* Work done under the inquiry of tlie Indian Research Fund Association on Poor Rice Diets 
and Food Preparations in cotnmon use in Soutli India under Dr. (Miss) Eleanor D. JIaaon at the 
Women’s Christian College, Madras. Grateful acknowledgtaent is made of grants froYn the Indian 
Research Fund Association, from the Elizabeth Thompson Science Fund, Boston, U.S.A., also of 
the guidance of Dr, Eleanor D. Mason and JGss Dorothy ^L Pearson of the Department of 'phvaiolnei, 
and Nutrition. Women’s Christian College. Madras. ' 
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2. Protein. — ^Tlie total nitrogen in 1 to 2 grammes of the sam})le Avas deter- 
mined by the niacro-Kjeldahl jnetliod and tlic protein content calculated by 
multiplying the grammes of nitrogen by 6-25. 

3. Fot. — ^Ktlier extractives (Soxhlet a]:)]>aratus) in 20 to 30 grammes of the 
sajuple were reclconecl as fat. 

4. Total a.di' : mineral matter. — Ten to fifteen grammes of the samjile vere 
dried and burnt over a Bunsen flame in a platinum or silica dish and ashed to con- 
stant weight. The weight of the ash was taken as the total mineral matter. 

5. Fractional analysis of the ash . — ^/Vsh obtained as above for 100 grammes 
was moistened with a few drops of distilled water and 5 c.c. to G c.c. of iron-free 
concentrated hydrochloric acid were added. The solution was boiled, cooled and 
diluted ivith distilled water and filtered into a lOfl c.c. measuring flask. The filtrate 
and washings of the filter -paper were made up to mark and aliquots were taken 
for the following determinations -. — 

(«) Calehem. — ^Tweniy c.c. of the above solution were made alkaline with 
ammonia, and excess of ])otassium oxalate was added and the solu- 
tion boiled. IVhile hot, it w.as made acid with strong acetic acid. 
The jirecipitate of calcium oxalate was allowed to stand overnight. 

. - It was then washed free from chlorides with boiling distilled water 

through Whatman No. 44 filter-paper, dissolved in dilute sulphuric 
acid and titrated against deci-normal potassium-permanganate 
solution. 

(h) Phosphorus. — ^To 20 c.c. of the ash solution, excess of crystals of potas- 
sium nitrate was added and the solution warmed in a water-bath. 
Ammonium-molybdate solution was added little by little with constant 
stirring. When the precipitation of the phospho-molybdato was 
complete, it was allowed to settle overnight, washed with 3 per cent 
potassium-nitrate solution through Whatman No. 44 fdter-paper 
till free from acid. It was then dissolved in a known volume of 
standard sodium-hydroxide solution and the excess titrated against 
standard nitric acid. 

(c) Iron . — Iron was estimated colorimetrically by the potassium-thiocyanate 
method, the colour being extracted by pure amyl alcohol. 

6. Total calories. — Calories were determined directly by the use of .Benedict 
and Fox’s (1925) apparatus known as the Benedict-Fox oxy-calorimeter. About 
5 grammes of the samjfie were dried in the electric oven and powdered, and 1 to 
2 grammes of the powder accurately weighed was ignited electrically and burnt 
in a closed circuit in an atmosphere of oxygen. The vohnne of oxygen used up for 
the comlmstion was noted at constant temperature. Tliis volume was corrected 
for any iTnburnt carbon in the ash (which was never more than a few milligrams) 
for the nitrogen liberated, and finally corrected to N.T.P. The corrected volume 
in litres was multiplied by the factor 4•825 (calorific value per litre oxygen for mixed 
foods) and thus the calories computed. Tliis method has the advantage- of 
measuring the calorific value of the food directly without full analysis of and sub- 
sequent calculation from the protein, fat and carbohydrate contents. 



Table" I. 

( 

Recipes and methods of cooking ‘ home-made sample. 


itajammai Packii/anailian Devadas. 
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Uajammal Paddy anathan Devadas. 
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Table II. 

Sonih. Indian food jmparations, and comparisons of the values obtained from direct analysis 
nth values calculated from tables* (based on weights used in ‘ home-made samples ). 



1 ^foiBliiro rontonf waa not calcnJatnl as it wan impo^^iblo to account /or fcho amount lost in «va|wrjition. 
I (alciilatml n« (lifloronco I'ctwoou total calories ami calories from protoin (jf. X 4) and from fat (<:. •: H). 
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Tlie .apparatus (Benedict-Fox’s oxy-caloriiucter) consists of a combustion 
cliainber in which the weighed sample is burnt, a soda-lime container for absorption 
of carbon dioxide, a spirometer for measuring the oxygen used, and a motor-blower 
for circulating the gases. Thermometers .are inserted in the circuit and in the 
spirometer. 

Besults. 

The recipes and the results of anal}'ses are shown in Tables I and If. 

The comp.arison of the data of the hotel and ‘ home-made sam])Ies ’ shows the 
hotel samples markedly greater in cost .and smaller in size. Hotel samples of fried 
preparations in most cases contained more fat and were (•onse([uently higher in 
caloric value. Comparison of the footl values obtained from direct au.alysis and 
c.alculatiou shows that the calculated figures for fat and calories are greater than 
the v.alue obtained by actual analysis. This is undoubtedly largely due to the fact 
that while the entire oil used in the preparation is taken into aecount in calcula- 
tion, in the actual preparation considerable quantities of oil are lost in handling, 
adhering to the vessel and left as residtie after draining. The total ash value as 
c.alculated is also slightl}- greater than as analysed. This difference in.ay be due 
to the fact that the weight of the common salt was calcidated in entirety as dry 
mineral regardless of its moisture content. The iron values are greater in the 
data obtained by direct analysis. The values of phosphorus and calcmm are on 
the whole comparable. 

Thus, we see that quite apart from the labom involved in such calculations, 
the actual analj'scs arc more accurately representative of the food that is eaten. 
It would )jc useful to have such analyses made on more of the common South 
Indian food preparations and on preparations from other p.arts of India.' 

SuJrMAnY. 

1. Aual 3 ’ses of moisture, protein, f.at, total ash, calcium, phosphorus, iron 
and calories were made on the following South Indian food preparations for the 
use of dietitians and doctors planning diets : puri, vadai, xqjpuma, iddly, omapodi, 
dhos.ai, pagoda and b.ajji. 

2. The analj'ses were made from four hotel samples and one ‘ home-made ’ 
s.anq)Ie and the hotel and ‘ liome-made ’ samples compared. 

3. The ^’alues obtained from tlie analyses are eonquired with the v.alues 
calculated from tables for the raw ingredients used in the preparation. 

4. The \ailues from direct anal 3 ^ses of foods as actuall 3 ’' eaten indicate tJiat 
the use in dietar 3 ’^ studies of calculated values for food preparations is likel 3 '' to 
give misleading figures, particidarl 3 '^ with regard to fat and total calories. 
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Introduction. 

It is tvell known that tlie poorer classes in South India include in their diet 
a large varietj- of green leafy plants found growing among the grass and’ weeds. 
Eight diderent Icinds of such ’ greens which are not found among those reported 
from Coonoor under ‘ Green Leafy Vegetables ’ in Health Bulletin No. 23 (1941), 
were collected, identified and analysed. The analysis of one of these (Trianthema 
monogyna) is given by Nicholls (1945) in his work on Tropical Nutrition which 
includes several varieties of ‘ greens ’ used in the trojiics. Besides these eight, 
two others — ‘ paruppu keerai ' (Porlnlara olearacca) and radish to]js {Paphaniis 
salimis) — ^vere also analysed. The analysis of Raphanits .sativns is also given bv 
Nicholls in the above-mentioned work, while its vitamin C content has been 
determined by Ahmad (1930). 

^fKTHOD OF INVF..STIGATION. 

Collection of greens. — All ‘ greens ' with the exception of ■' p.aruppii keerai ’ 
and radish tops v'ere collected from among the weeds in the compound of the 
AV omen's Chri.stian College, the two samples being collected from diderent parts 


* Work iloiic ill part under tlie Inquiry on Poor Rice Diet .and Food Preparations in Common 
at I.R.F.A. under Dr. (Miss) Eleanor D. Mason. Women's Christian Collece, 
Madras, (ir.iteful acknoMlcdgmcnt is made of gnaiits from the Indian Re.=enrch Fund AssociatiL’ 
nml froin tlie Klizabctli Thompson Science Fund, Boston, U.S..A. * 
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of tlie compound. Only edible portions were used — thorns in ‘ nerringi flowers 
and pods of ‘ vella keerai and flowers of ‘ kuppameni ’ and ‘ kuppa keerai ’ being 
discarded. 

Methods used in chemical analysis. — ^Two analyses were made of each sample. 
For protein and vitainin C estimations the fresh leaves were used, while the rest 
of the sample was accurately weighed and dried in the oven at 80°C. to 90°C. for 
ten to twelve hours. The dried sample was powdered and stored away from light 
in glass-stoppered bottles. Weighed samples of this ])owder were taken for total 
ash, calcium, phosphorus, iron, caloric and fat_ estimations. The values were then 
re-calculated for fresh weight. 

The protein content was determined by the macro-Kjeldahl method. Calcium 
was precipitated as calcium oxalate which was titrated against standardized Ol N 
potassium permanganate in presence of excess dilute sulphuric acid. Phosphorus 
was estimated by precipitating as ammonium phospho-molybdate. Iron was 
estimated by extracting the red colour obtained when potassium thiocyanate is 
added to the ash solution, with amyl alcohol, and comparing the depth of colour 
with a standard iron solution in the calorimeter. The caloric value was deter- 
mined by the apparatus oxy-calorimeter as devised by Benedict and Fox (1925). 
The reduction method using 2‘G dichlorophenol-indo])henol dye was used for 
vitamin C estimation. 

Discussion. 

From the analysis it may be seen that many of the leaves are rich in either 
minerals or vitamin C or in both. They are thus valuable cheap supplements to diet 
which in South India are predominantly rice. Further, the analysis shows that 
Tribtdiis terresiris is rich in calcium and poor in iron, while Trianthema monogyna 
is poor in calcium and rich in iron. Here the comjoensatory value of mixed ‘ greens ’ 
is seeif. The poorer classes appear to have learned this by experience, for, as a 
rule, they use a mixture of ‘ greens ’ (kalavai keerai) rather than a single ‘ green ’ 
by itself. 

These leaves are not available in the market but are freshly picked for use 
by the common people, often by the roadside. This saves losses in idtamin content 
otherwise caused by wilting and exposure as in the local markets. It may be clearly 
seen that these ‘ greens ’ supplement in more than one way the miserably inade- 
quate diet of the poor city dwellers. It is interesting that one of them, Tribnhis 
terrestris, is included in the list of famine herbals of China (Read, 1946). Besides 
these which have beeii analysed, there are several others which are commonly used. 
These need to be identified, analysed, and their cultivation encouraged. 

Summary. 

1. Eight different kinds of green leafy herbs found growing among the weeds 
of the compound and commonly used by the poorer classes in Madras city were 
collected, identified and analysed for moisture, protein, fat, total ash, calcium, 
phosphorus, iron, calories and vitamin C. 

2. TheyTwere found to be rich in calcium, iron and vitamin C (analyses 
given in the Table). 
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Bu^ijilementaiion of Poor South Indian Rice Diet. 


the gro'wtli response arid fertility of rats reared exclusively on a poor South 
Indian rice diet. Some interesting results obtained in the course of the above 
investigation are recorded in this paper. 


Experimental. 

The poor South Indian rice diet as used by us had the following percentage 
composition : — 

Polished rice, 78'5 ; thur dhal (Cajamis imlicus), 5’0 ; common salt, 0‘3 ; 
non-leafy vegetables, 8'2 ; leafy vegetables, 2'1 ; whole milk powxler, 0'9 ; and 
fat or oil, 6'0. 

The rice was washed twice prior to cooking. The w'ashed rice, dhal and vege- 
tables were cooked together rvith roughly three times the volume of "water and 
thoroughly mixed with the fat wdiicli was previously heated to 180°C. and main- 
tained at that temperature for five minutes to simulate the common practice in 
frying. The milk powder was separately fed as a 10 per cent solution. 

The experimental animals were weaned on the 28th day and maintained on the 
particular diet to be tried plws 10 c.c. of 10 per cent wdiole milk powder for a week 
after which the extra milk was stopped. The w^eights of the rats after this initial 
feeding for one week W'ere considered as the starting W'eights for .the experiment. 
This preliminary feeding with milk and the rice diet was found essential not only 
to accustom the rats to the poor rice diet but also to sustain them over the fairly 
long period of experimentation. 

Experiment I. Supplementation of rice diet with calcium and vitamins 

at sub-optimal levels. 

Young rats were selected w^hen they were 28 days old and divided into 
10 groups of 12 each, keeping, as far as possible, the same number of litter-mates 
of the two sexes in each group. The first five groups received the basal rice diet 
plus 5 per cent each of crude ground-nut oil, refined ground-nut oil, Vanaspati 
of m.p. 37°C., Vanaspati of m.p. 41°C. and cow ghee, respectively. The second 
set of five groups received the same basal diet with supplements so that each rat 
received {i) 30 mg- of calcium lactate per day, [ii) 1 tablet of Squibb’s yeast per 
w^eek (containing 0‘06 mg. thiamine, 0’03 mg. riboflavin and 0‘15 mg. niacinji and 
{in) 1 mg. of mixed tocopherols per week given as a wheat-germ oil concentrate. 
In addition to these, the proportion of leafy and non-leafy vegetables were adjusted 
so as to make them 5 per cent in each case. 

Weekly records of the weights of rats as well as their daily food intake were 
maintained for a period of 12 weeks after which the males and females in each group 
were allowed to mate. Observations of the conditions of the skin and eyes of the 
animals were made once a week. When any animal died before the conclusion of 
the experiment, it was dissected and examined. After the normal gestation period, 
the males were sacrificed and their livers examined for vitamins as also for fat 
infiltration. Two months after parturition, the females were also killed and their 
livers examined as above. 
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The growth rates of the animals in the two series are given in Table I : — ■ 

Tablb I. 

Groivth rates and food intakes of rats on a basal poor rice diet and the same 
supplemented ivith calcium and vitamins at sub-optimal levels. 


Group. 

Fat or oil in the diet. 

Number 

of 

animals 
in eaeh 
group. 

Average values of : 



Initial 
weight in 
g- 

Final i 
weight in ! 

! 

Weekly 
inerease in 

g- 

Daily 
intake of 
food in 

g- 


Banal diet : 



i 




f 

6 M 

390 

1 70-8 i' 

2-7 ± 0-2* 

7-3 

A 

Crude sround-nut oil ... t 



, 1 




1 

6 F 

( 38-7 

1 

! 64*7 

1 

2-4 ± 0-1 

7*3 

1 


f 

6 JI 

1 38*0 

. 71-7 { 

2-9 ± 0-2 

7-1 

B 

Refined ground-nut oil ' 







; i 

6 F j 

39- 1 

i 64-2 , 

2-1 + 0-0 

7-1 


1 f 

1 

6 M ! 

37-9 

1 80-1 1 

± i 

7-1 

0 

Vanaspati 37°C. m.p. ... • 



! 1 




1 

6 F i 

38-2 1 

75-3 ’ 

3-1 ± 0-1 

- 7-2 


r 

0 JI ! 

38-2 

74-2 ; 

3-1 ± 0-2 

7-2 

I) 

Vanaspati 41°C. m.p. ... ■! 


1 

: 1 




\ 

6 F 1 

38*1 ; 

72-3 

2-9 ± 0-1 

7-2 


{ 

6 M 

39-2 

79-8 1 

3-3 ± 0-2 j 

7-3 

E 

Cotv ghee ... ... -! 



1 




1 

6 F 

38-6 

71-3 . 

2-8 ± 0-1 

7-2 


[ Modified diet : 


1 

1 


1 

1 



\ f 

G JI 

38-8 ’ 

107-8 

5-8 ± 0-3* , 

7-4 

A 



1 


1 



1 

(i F 

38-8 

102-1 

5-3 ± 0-3 j 

7-G 


( 

G JI 

39-3 

117-2 

6-5 ± 0-3 i 

7-5 

B 

1 Refined ground-nut oil 1 



1 

1 



' 1 

G F 

38o 

104-2 

0*5 ^ 0*3 

7-5 


i f 

G JI 

37-9 ‘ 

109-5 

1 

0*0 4. 0*3 1 

7*5 

C 

^ Vanaspati .S7‘’C. m.p. ... 1 



1 




1 

G F 

39-3 

99-0 

5-0 ± 0-3 i 

7*5 


f 

i G JI 

3So 

108-3 

5-4 ± 0-5 i 

7-G 

1) 

Vanaspati 4I°C. in.]). ... 

' 



1 



1, 

' G F 

39-9 

104-S 

4-S ± 0-3 ' 

7-G 


I 

G JI 

3S-3 

113-G 

G-4 + 0-0 

7-G 

]•: 

Cow ghee ... ... 




! 



1 

G F 

39-7 

9G-0 

4-7 ± 0-2 I 

i 

7-G 


Standard error of the mean. 
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Many of tlie rats in the control series did not survive the experimental period. 
The breeding of the surAuving rats was not successful. The animals in the experi- 
mental series bred successful!}’- although lactation was vet.}’ poor. Most of the 
young ones either died within three days after birth or were eaten up by the mothers. 
This was found to be the case in all the -five groups. 


Record of symptoms. 

Control series, — The rats were apparently normal till the fifth week. After 
this, undue dryness of the skin was a constant feature in most of the rats. Shedding 
of hair commenced at this stage. Complete de-coating occurred only in two 
animals of the Yanaspati group and these died subsequently. Patches formed 
by partial de-coating at places were covered up towards the eighth or ninth weeks. 
Actual lesion of the skin was observed only in one animal in the Yanaspati group. 
The conditions of the tail and paw were normal in all cases. No opacity or exorcit- 
ation could be observed in the eyes of any animal. Irrespective of the source of 
fat, the animals in general were far from alert and had a preference for the dark. 
Some of them developed body twitters described in literature as characteristic of 
B-complex deficiency. The general conditions of the animals would also suggest 
poor liver function. 

More interesting were the observations made by post-mortem examination 
of the rats of this series. The stomach was found to be slightly ulcerated and the 
pyloric end congested and inflamed. The liver had a flabby appearance and 
was soft to the touch. No macroscopic indication of fat infiltration was observed 
in any case. The most striking change was noticed in the intestine, the entire 
length of which had an injected appearance and signs of sub-mucal or capillary 
haemorrhage. Further, the mucous membranes had a tendency to peal off as a 
cast. Nidneys aird spleen were normal. There was no sign of atrophy of the 
regenerative organs although some had a vascular appearance. In certain cases, 
the lungs were consolidated, indicating that broncho-pneumonia was possibly the 
terminal condition of the rats. 

Experimental series. — ^In contrast to the animals in the control series, those 
in the experimental one receiving the sub-optimal supplements of calcium and 
vitamins did not show any gross sign of de-coating or skin lesion. Dry skin and 
rough fur were, however, common. In general, the rats were more healthy than 
those in the control series, although they did not compare with the stock rats. 

Examination of the liver. — ^The method suggested by Lemely, Brown, Bird 
and Emmert (1947) was followed to extract the unsap onifiable matter in the liver. 
The Carr -Price reaction was uniformly negative in all the animals of both the 
series indicating absence of vitamin A in the liver. The fat contents of the livers 
were within the normal ranges (4 to 5 per cent on fresh weight of liver). 


Expieriment II. Supplementation of the rice diet uitli tamarind and chilli. 

In a preliminary communication we have already drawn attention to the 
increase c-f over 25 per cent in the growth of rats receiving tamarind and chilli 
supplement in their cliet (Krishna M'urti, De and Subrahraan}’an, 1948). In order 
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to ascertain the factor or factors responsible for the stimulation of growth by these 
apparently unimportant dietary constituents the following experiment was carried 
out : — 


Thirty-six young male rats were chosen from our stock colony and divided into 
six groups. The diets given to the different groups were as follows : • 

The basal rice diet without fat. In place of fat, 5 per cent 
more of rice was included. 

Basal rice diet without fat. In place of fat, a soup made up of 
tamarind, chilli and salt in the proportion of 2 : 1 : 1 by 
adding 5 per cent to the total solids, was added. 

The basal rice diet 5 per cent Vanaspati of 41 °C. m.p. 

Basal rice diet -j- 5 per cent Vanaspati -f- 5 per cent tamarind 
and chilli soup (replacing 5 per cent of rice). 

Basal rice diet -j- 10 per cent Vanaspati of 41°C. m.p. 

Basal rice diet -f- 10 per cent Vanaspati -f- 5 per cent tamarind 
and chilli soup (the extra fat and tamarind soup were made 
by replacing equal amounts of rice). 


Group 

I. 

Group 

II. 

Group 

III. 

Group 

IV. 

Group 

V. 

Group 

VI. 


Preparation of the tamarind, chilli ami salt soup. — Fully ripe tamarind without 
the rind and the seeds were taken, extracted vdth water a number of times till all 
'the soluble constituents were dissolved out. Salt and chilli (dry) powder were 
added in equal proportion to the extract and boiled down to the consistency of a 
thick syrup. "Weighed amounts of this soup to correspond to 5 per cent dry matter 
made up of tamarind, chilli and salt io the proportion of 2 ; 1 : 1 were mixed 
with the cooked diet prior to feeding. 

The growth rates and S 3 'mptomatic conditions of the animals were observed 
over a period of six weeks. The results are summarized in Table II : — 


Table II. 


Effect of supplementation with tamarind and chilli. 
(Average figures.) 


Group. 

Number of 
animals. 

Initial 
weight 
in g. 

■ Final 

I weight in g. 

I 

Weekly growth 
in g. 

I 

6 

40-3 

' 7(5-1 

0-0 ± 0-2 

II 

6 

40-4 

1 84-2 

1 

7-3 ± 0-3 

III 

f) 

38-3 

' 07-8 

4-n ± 0-2 

IV 

r. 

40-8 

77-2 

G-l ± 0-2 

V 

0 

40-2 

.52-8 

2-1 ± 0-1 

VI 

fi 

40-7 

Gl-3 

3-4 0-2 
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Supplementation of Poor South Indian Pice Diet. 

Sy)yipibmatic conditions . — A very striking difference observed in the symp- 
tomatic conditions between the animals of the control and experimental groups was 
with regard to shedding of hair and the roughness of the coat. Depilation was 
very common in animals of the control group, whereas the animals receiving 
the tamarind and chilli supplements maintained a smooth coat and not a single 
animal manifested any signs of alopecia. 


Discussion. 

The multi-deficient character of the poor rice diet of South India has been 
discussed by Aylcroyd and Krishnan {he. cil.) and Aykroyd, Krishnan, Passmore 
and Sundararajan (1940) who emphasize deficiencies of vitamin A, various members 
of Bs complex and calcium. The rice diet also does not provide the animal body 
with its basic reqiiirements of the essential dietary factors. The daily intakes 
of protein and calcium in our experiments were' found to be between 0’5 g. to 
0’6 g. and 8 mg. to 10 mg., respectively, whereas the adequate requirements 
of these two factors for optimal growth and proper reproduction have been 
estimated to be 3’0 g. to 3 '5 g. and 40 mg. to 50 mg. respectively (Griffiths and 
Farris, 1942). 

It is clear from the results of experiment I that supplementation of the poor 
rice diet even at sub-optimal levels with calcium and vitamins has a beneficial effect- 
on the growth and symptomatic conditions of the rats. The supplements, however, 
have not helped the animals either to breed successfully or lactate the young ones. 
In a subsequent experiment we have found that the grmvth and lactation of animals 
improved considerably when the rice diet was supplemented with 7 per cent casein 
(fat and vitamin free). Supplementation with calcium carbonate at 0‘3 per cent 
level or with optimal amounts of vitamins (60 I.U. of vitamin A per rat per day, 
10 I.U. of vitamin D, 0'5 mg. of a-tocopherol acetate, 0’06 mg. thiamine, 0’03 mg. 
of riboflavin and 0’15 mg. of niacin) alone did not bring about this improvement 
in lactation. Based on growth observation, Aykroyd et al. (he. cit.) suggested 
that calcium may be the limiting factor of the diet. Our observations would suggest 
that protein is an important' factor in determining efficiency in reproduction and 
lactation. This aspect of the subject is now under further study. 

It may be seen from the results of experiment II that mere supplementation 
of the rice diet with tamarind and chilli has a uniformly beneficial effect in all the 
groups. It is also clear that the supplements have no specific role in a better 
utilization of the fat ingested. The results would also confirm the observations 
of Mason et<d. (1946) that on increasing the fat supplements there is a definite 
inhibition of growth of rats reared on a poor rice diet. Although the animals re- 
ceiving the tamarind and chilli supplemented diet consumed slightly more of the 
food given every da)^ the increase in growth of the animals was out of proportion 
to the extra amount of food consumed over the control animals. It has already 
been reported (Krishna Murti, De and Subrahmanyan, he. cit.) that dried tamarind 
and chilli do not contribute any protein, fat, mineral or vitamins to the diet. The 
beneficial effect should, therefore, be traceable to other factors. The nature of the 
agencies responsible for the improved growth are under study and will be the subject 
of a later coimnunication. 
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Summary. 

1. Supplementation of the poor South Indian rice diet with calcium and 
vitamins at sub-optimal levels helped to improve the growth of rats from an average 
of about 3 g. to about "6 g. per week. The animals bred successfully but showed 
no capacity for lactation. The effect was the same when oil, Vanaspati or ghee was 
used as. the source of fat. 

2. Incorporation of tamarind and chilli in the proportions usually added to 
the South Indian diet improved the growth rate and the general health of the 
animals. The beneficial effect was small but consistent. Tamarind and chilli 
appear to have no influence on the utilization of fat. 
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[Received for publication, August 17, 1948.] . , 

The supplementary value of various common foodstuffs and certain nutritional 
factors to poor South Indian diet composed mainly of rice has been the subject of 
study by several workers. Special mention may be made in this connection of 
the work of Aylcroyd and Krishnan (1937) who have covered a wide field and in- 
vestigated a number of articles of food from this aspect, The3>- found that, while 
different foodstuffs showed varying degrees of supplementary effect, the most 
pronounced results were obtained in the case of calcium (when used as calcium 
lactate) and dry yeast, both as such and after autoclaving in an alkaline medium. 
The}' concluded from these e.xperimcuts that the chief deficiencies in South Indian 
diet are calcium and a heat- and alkali-stable factor of the Htamin B-coinplcx. 
present in yeast. Pal and Singh (1938) studied the supplementary effect of calcium 
and of phosphorus Imth singly and in combination with South Indian diet. Their 
c.xperiments showed that, while phosphorus alone had no supplementary effect 
on the growth of rats fed on South Indian diet, it slightly augmented the pronounced 
supplementary effect of calcium when Imth were used in combination. 
Swamiuathaii (1937) determined the biological values of the mixed proteins derived 
from rice on the one hand and various jnilses and skimmed milk powder on the 
other and from these data he was in a position to get an idea of the supplementar}’ 
value of the proteins of the latter to rice protein. Skimmed milk powder showed 
a good supplementary value both by itself and in combination with the conmion 

{ U ) 
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Indian pulses, but the latter by themselves had a markedly inferior supplementary 
value. 

The modes of utilization of the proteins present in oil-seed cakes, especially ■ 
ground-nut cake and similar materials, for various purposes, including human 
consumption, have been the subject of investigation by different workers (Bade}'- 
and le Clerc, 1917 ; Wallis, 1918 ; Neale, 1926 ; Payne, 1942 ; Basu and Sen 
Gupta, 1946), but no data are available on the sujiplementary A^alue of the 
oil-seed cakes, either in raw or processed state, to South Indian diet. This aspect 
is of special importance in view of the increasing amount of interest in the use of 
seed cakes as human food. Earlier Avork carried out at the Nutrition Besearch 
Laboratories, Coonoor (Aykroyd and Krishni\n, toe. cit. ; I.R.F.A. Note, 1941) 
showed that whole ground-nut has practically no supplementary value when 
added to poor rice South Indian diet. This is rather surprising because ground- 
nut protein is known to lie fairl}' complete in tlie nutritional sense (Johns, 1919 ; 
Baernstein, 1937 ; M'acheboeuf and Tayeau, 1942). In fact some investigators 
go to the extent of claiming that the protein of de-fatted ground-nut flour has as 
high a growth-promoting value as casein itself (Randoin and Boisselot, 1943). 
iMoreover, ground-nut protein has been shown to ))e a. good supplement to the 
proteins of cereals other than rice, viz. Avheat protein (Eddy and Eckman, 1923 ; 
Jones and Divine, 1944), corn protein (Maynard, Eronda and Chen, 1923) and 
oat protein (Smuts and Morals, 1938). It, therefore, promised to be of interest 
to compare other seed cakes (cotton-seed cake, sesame cake and coco-nut cake) 
with ground-nut cake in regard to their supplementary values to poor rice South 
Indian diet and find out whether they also behave in a similar manner. 


t^UPPLEMENTARY VALUE OF OIL-SEED CAKES TO SoUTH INDIAN DIET. 

Supplementary value at the same level of supplement by weight . — In carrying 
out such a comparative study of the supplementary value of the four seed cakes 
to South Indian diet, the procedure followed and the details were exactly similar 
to that described by Aykroyd and Krishnan {he. cit.). Thirty j'oung rats, about 
4 weeks’ old and weighing nearly 40 g., Avere divided into fi.A'^e groups, evenly distri- 
buted AAOth regard to sex and litter mates. The rats belonging to group I were 
fed on a basal diet (poor Madrasi diet) the composition of AAdiich was similar to that 
described by Aykroyd and Krishnan (loc. cit.). The rats belonging to the other 
groups Avere fed on diets composed of the basal diet and 10 per cent supplements 
of the different seed cakes. The average weeldy increase in the body-AA’-eights of 
the rats during a period of six weeks’ feeding AAuth the experimental diet is shoAAm 
in Table II together with the crude protein contents of the diets and the average 
daily food consumption for each group. Results of analysis for difierent chemical 
constituents in the samples of the seed cakes used in the experiment are gRen in 
Table I. 

The results show that ground-nut cake has the least supplementary A’-alue to 
poof rice South Indian diet, while coco-nut cake, cotton-seed cake and sesame 
cake have progressively greater supplementary values. It is significant that this 
is also the order of increasing calcium contents among the four seed cakes {vide 
Table I). • . _ 



Table I. 

/biolysis of different chemical constituents in oil-seed cakes. 
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Table II. 


Average weekly increase in body-weights of rats Jed on er.perimenlal diet. 


Group 

number. 

f 

1 

! 

1 

Quantitj’ of 
supplement in 

Total protein 
content of the 

Average daily 

Average ■n-eckly 

E.vpcriiiiental diet. 

'< 100 parts of 

experimental 

food jiitnlcc; 

increase in 
weight of 

e.xpcrimcutal 

, diet, per cent 

g. 



\ diet. 

, (Nx 6-2.5). 


rats, g. 

1 

Basal diet (South j 


' 8-37 j 

7-20 

2-8 


Indian diet). 





2 

1 Basal diet and ground- 

10 

13-14 

6-9.5 

3-4 


nut cake. 





3 

Basal diet and cotton- ^ 

10 

10-36 

7-9.5 

4-9 


' seed cake. | 



4 

Basal diet and sesame ' 

10 

11-08 

S-10 

I 5-4 


cake. 


i 


5 

Basal diet and coco- 

10 

0-88 

7-90 

4-8 

1 

1 

1 nut cake. 

I 






Su 2 yplementafy value at the same level of supplementary protein. — ^Iii this case 
the procedure adopted was tlie same as before, but while the rats belonging to 
group I were fed on the basal poor rice diet, the rats belonging to the other groups 
were fed on diets composed of the basal diet and supjjlements of the seed calces in 
the proportions indicated in Table III. The supplements were added in such 
amounts that the total protein content of the supplemented diets was maintained 
at nearly the same level in each case (12 per cent). The average weekly increase 
in the body-weight of rats Ijelonging to different groups during a period of 
six weeks’ feeding and also the average daily food intake for each group are 
also given in the same table. 


Table III. 


Su])ple?nentary value of supplementary protein. 


Group 

number. 


i 

1 Quantity of 
, supplement in 

, Total protein 
. content of the 

Average dailv 

Average weekly 

Experimental diet. 

1 100 parts of 
, experimental 

j experimental 
. diet, per cent 

food intake, 

g- 

increase in 
weight of 
rats, g. 



diet. 

! {Nx6-25). 


1 

Basal diet (South 

... 

. ' 8-68 

6-95 

2-.5 


Indian diet). 

i 

12-08 

6-80 

' 3-1 

2 

Basal diet and ground- 

j 7-8 


nut cake. 




6-6 

3 

Basal diet and cotton- 

! 20-2 

11-97 

8-15 


seed cake. 

1 



6-1 

4 i 

Basal diet and sesame 

' 13-4 

11-93 

8-00 


cake. 

1 


8-30 


6 

Basal diet and coco- 

i 27-2 

12-02 

7-0 

- 

put cake. 

i 

1 


i 
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Tlie results show that among the oil-seed cakes supplementing South Indian 
diet, and used at the same protein level, coco-nut cake residts in a marked enhance- 
ment of growth, while ground-nut cake has a negligible supplementar)^ value. The 
latter, finding is in complete accord with the observations reported from the Coonoor 
Laboratories (Aykroyd and Krishnan, he. cit. ; I.R.F.A. Note, he. cit.). Cotton- 
seed cake and sesame cake are also found to be quite good supplements to South 
Indian diet. It is of interest in this connection to note that, while according to 
Jones and Divine {he. cit.) ground-nut is a fairly good supplement to wheat diet, 
our experiments and those carried out at the Coonoor Laboratories show that it 
is not a good supplement to South Indian diet composed mainly of rice. 

The values (GT to 7'5) obtained for the average weekly increase in weight of 
rats fed on South Indian clret supplemented with coco-nut, cotton-seed and sesame 
cakes are comparable to those obtained by Aykroyd and Krishnan {he. cit.) for 
a 2 per cent supplement of dried yeast (7 ‘2) and somewhat better than for a 7 per 
cent supplement of casein (4-1). 

Owing to their varying protein contents, different percentage’s of the seed 
cakes had to be used in the preparation of the diets in order that the protein content 
might be maintained at the same level. Assuming that the seed-cake protein 
accounted for about 4 g. in 100 g. of each diet, ground-nut cake diet contained in 
addition 4 g. of non-protein matter. The corresponding figures for cotton-.seed 
cake diet would be 16 g., for sesame-cake diet over 9 g. and for coco-nut cake diet 
over 23 g. The contribution of the non-protein matter of the seed cake towards 
its supplementary value to South Indian diet would thus be relatively important 
in the - experiment described above. This would )>e particularly so for calcium 
which is admittedly the limiting deficiency in South Indian diet. 

Bole of fat and calciu m in the supjdementary value of gronnd-mit cake. — Prelim- 
inary experiments carried out in these laboratories (unpublished work by De, 
1946) showed that when the quantity of ground-nut cake added as supplement to 
South Indian diet was progressively increased, there was a corresponding decrease 
in the growth rates of young rats fed on these diets. This suggested that though 
there might not be any definite toxic substance present in ground-nut cake as 
suggested by Macheboeuf and Tayeau {Joe. cit.), there might be some growth- 
inhibiting factor, apart from its low calcium content, which was responsible for the 
above observation. Mason el al. (1945, 1946) found that butter-fat, when added 
as supplement to South Indian diet, had a marked inhibiting effeet on the growth 
rate of young rats, this effect being counteracted I)}’- casein, but not by calcium 
lactate. -This suggested that ground-nut oil present in the seed-cake mitrht be a 
factor respon.sible for the observation mentioned above. Such an assumption was 
not, however, favoured by the experiments of Basu and Nath (1946) who found 
that inclusion of ground-nut oil in the diet greatly favoured the absorption of calcium 
and xdiosphorus and the utilization of these minerals was better than in the absence 
of the oil. These authors also rejiorted that among the vegetable oils, ground-nut 
oil has the highest growth-promoting value. Experiments were, therefore, carried 
out to investigate how far the oil content of ground-nut cake was responsible for 
its low supplementary value. 

Freshly weaned rats, weighing about 40 g. each, were divided into sLx com- 
parable groups and fed over a period of sLx weeks with different experimental diets 
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whose composition is as descril^ed in Table IV. In the case of diets fortified with 
calcium, 1 d per cent of calcium lactate was incorporated as in the experiments of 
Aykroyd and Krishnan [loc. cit.). The protein contents of the diets and the average 
weekly increase in the weight of rats are given in the same table. 

Table IV. 


Average increase in toeight of rats on experimental diet. 


c 

o 

A 

•B 


Quantity of 

1 

Quantity of 
calcium 

Total protein 
content; of 

Average food 

Average weekly 

s 

O 

Experimental diet. 

1 

cake supple- 
ment in 100 
parts of diet. 

lactate in 

1 100 parts of 

diet. 

experimental 
diet, per cent 
(E'xG-25). 

intake per 
rat per day, 
g- 

increase in 
weight of 
rats, g. 

o 





1 


1 

1 

Basal diet (South 


; 1 

8-37 ! 

C-60 

2-6 

1 

Indian diet). ' 



1 



2 

, Basal diet and calcium. 


1 

8-20 1 

8-8.') 

7-9 

3 

Basal diet and ground- 

16 


11-74 i 

7-ir, 

2-5 


nut cake. 



1 


i 

4 

Basal diet, ground- 

10 

11 

11-Gl 

8-50 

G-S 


nut cake and cal- 
cium. 

1 

1 





5 

1 Basal diet and de- 

10 


13-31 

0-05 I 

2-7 


fatted ground-nut 
cake. 



i 



(j 

Basal diet, defatted 

10 

11 

13-10 1 

7-00 

7-7 


ground-nut cake and 
calcium. 



1 




N.B . — The ground-nut cake used in this experiment was prepared in tl)o laboratory by pressing out oil from 
resh ground-nuts and then powdering the meal to pass through a 20-mesh sieve. The oil content was 22'8 per 
:ent. The de-fatted product was obtained by extracting this with ethyl ether in a Soxhlet apparatus. 


The results show that there is not much difference between the de-fatted cake 
and the original sample with regard to their supplementary value, thereby protdng 
that the oil is not the inhibiting factor responsible for the poor supplementary 
value of ground-nut cake. The value for the average weekly increase in the 
weights of rats fed on South Indian diet fortified with calcium (7'9) is lower than 
that obtained by Aylvroyd and Krishnan (9). The value for South Indian diet 
supplemented with de-fatted ground-nut cake and calcium (7 ’7) was of the same 
order as for calcium fortified South Indian diet itself (7 ’9) and somewhat 
greater than for South Indian diet supplemented with unextracted cake and 
calcium (6'8). 

Supplementary value of seed-cake proteins to South Indian diet qmotein — biological 
values of the mixed jn'oteins of the seed cakes and South Indian diet. — In order to 
investigate merely the value of the proteins of the seed cakes in supplementing the 
proteins of South Indian diet, experiments were designed to determine the biol- 
ogical (growth -promoting) values of mixtiires of proteins derived from South Indian 
diet on the one hand and the different seed cakes on the other. The biological 
values were determined by growth experiments on young rats over a period of six 
weeks’ feeding, being computed as average gain in weights of rats per gramme of 
protein consumed (Osborne and Mendel, 1916 ; McCollum et al., 1921). 



Table V. 

Composition of the experimental diets. 
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Diet survey. 

The diet surveys reported in this paper formed part of an investigation into 
the family budgets of the plantation labour in India conducted by the Labour 
Bureau of the Government of India . The region covered by this survey extended 
over Salem, Coimbatore, Nilgiris and Malabar districts of Madras Province, and 
Coorg, and included labour on tea, coffee and rubber plantations. Food purchased 
for consumption over a period of seven days was recorded by the oiBcers of the 
Labour Bureau on a pro forma prepared in consultation with the authors. Since 
large numbers of observations were involved, actual weighing of foodstuffs was 
not considered practicable. The total number of persons and adult ‘ consumption 
units ’ distributed among the three types of estates are given in Table I : — ■ 

Table I. 


The distribution of individuals and ‘ consumption units ’ 
according to estates. 


Plantation. 

Number 

of 

estates. 

Number 

of 

persons. 

Total 

consumption 

units. 

Tea 

14 

1,079 

800-4 

Coffee ... 

17 

427 

328-0 

Rubber 

4 

86 

_ 72-8 

Totai. 

3.6 

1,.792 

1,201-2 


( 51 ) 
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The calorie coefficients used for conversion into ‘ consumption units ’ were 
from Health Bulletin No. 23 (1946). The data were analysed with the use of 
the tables in the same bulletin. Since complete figures for each estate would occupy 
too much space, the maximum, ininimum and tlie average consumption of the 
foodstuffs per consumption unit for all estates are given in Table II 

• . Table II. * ' 


Consumption of foodstuffs hj/ plnnlalion litbour. 


Foodstiitf. 

Maximum. 

R- 

Minimum, 

g- 

Average 
for 3.5 
esfcate.s, . 

. 

Number of 
estatc.s .not 
. consuming 
the particular 
foodstuff. 

Rice 

550 

88 

202 


tVheat 

2f)7 

0 

20 

27 

^Millets 

17.S 

0 

21 

24 

Other cereals 

.323 

0 

40 

20 

Pulses nnd beans 


f) 

45 

4 

'^’egetilblos : 





(«) Non-loafy 

2.')1 

c 

74 

... 

(6) Tuberous 

077 

0 

7.3 

20 

Fruits .... 

1.3 

0 

1 

24 

Vegetable oils 

eq 

3 

12 

. ... 

Milk and butter-milk ... 

30 

0 


17 

Meat and fish 

94 

0 

28 

I 

Sugar and jaggery 

iio 

7 

41 

... 

Spices 

32 

"8 

15 

... 

Coco-nut, fresh 

34 

0 

• 

13 

O 


- Leafy vegetables and ghee .were consumed in negligible quantities on all estates 
and hence have not been included in this table. 

The table reveals the fact that the diets, -were deficiffirt in prote'etive foodstuffs. 
The consumption of leafy vegetables, milk and eggs was negligible and that of flesh 
foods extremely meagre. ' On most estates even the cereal intake was not sufficient. 
In some cases the deficiency ’ih cereal's was being’ made up by the use of .potato, 
sweet-potato, tapioca or raw plantain. Except in a few instances, tfle consumption 
of pulses and beans was Ioav. 
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The average calorie value of the diets and the average intake of certain 
nutrients with the range of variation are given in Table III : — 

Table III. 


Intake of calories and certain nutrients hy yhintation labour. 



Maximum. 

Minimum. 

Average. 

Calories 

2,903 

1,416 

2,551 

Proteins, g. 

80 

21 

49 

Fats, g. 

40 

12 

22-4 

Carboliydrates, g. 

574 

258 

408 

Calcium, g. 

1-30 

0-10 

0-41 

Phosphorus, g. 

IGl 

0-52 

0-93 

Iron, mg. ... 

3t) 

' 

20 

Vitamin A value, I.U. 

S82 

127 

4G0 , 

Tliiamine, mg. • 

1-C9 

0-12 

0'G7 

Ascorbic acid, rag. 

Cl 

3 

19 

• 





In Graphs 1 and 2 is illustrated the distribution of consumption units according ' 
to the levels of intake of calories, proteins, calcium, phosphorus, iron and ascorbic 
acid. The standards for comparison used were the recommended daily allowances 
adopted by the Nutrition Advisory Committee of the Indian Research Fund 
Association (1944). 

Calories . — ^Nearly 50 per cent of the total consumption units subsisted on less 
than 2,000 calories per clay. In fact, onty 2 per cent obtained over 2,900 
of food calories and none over 3,000. This fact does show that quantitative!}' 
the amount eaten by the labourers fell very much short of the requirements. The 
observations on the weights of South Indian plantation labour (Table V) proved 
that 91-5 per cent of the persons examined were undenveight by 5 percent and 
79 per cent were underweight by 10 per cent or more below the average weight 
for the South Indian adults. When one takes into account the low calorie 
intake among the majority of these labourers, this observation does not seem to 
be very surprising. 

Proteins . — The intake of protein per day was fairly low as compared with the 
recommended daily allowance of 82 g. The major part of the protein derived 
from the diet being from rice and hence of a fairly high biological value, cases of 
])rotcin deficiency were not encountered. An improvement in the protein intake, 
however, appears to be desirable. 
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Calcium . — The present observations once again confirm the earlier findings 
from this. Laboratory (Aylcroyd and Krishnan, 1937) that poor South Indian diet 
is particularly deficient in calcium. Nearly 90 per cent of the consumption units 
could obtain quantities of calcium from tlieir diet which were 40 per- cent lower 
than the recommended daily allowances. 

7ro?!.— The position with regard to iron intake does not appear to be as bad 
as that with calcium. The prevalence of anaemias among the labourers does not 
appear to be due to a primary deficiency of iron in the diet but may probably be 
ascribed to certain other causes which increase the requirements of iron {vide infra). 

iVitamin A . — The consumption of vitamin A was very low indeed, the highest 
value computed being 817 I.U. and the lowest 117 I.U. These A’^alues are mostly 
derived from carotene present in vegetable foodstuffs; The highest value is so 
much less than the level recommended by the Nutrition Advisory Committee that 
it was not considered worth while to give in Graph 1 the distribution of the levels 
of consumption. The widespread prevalence of vitamin A deficiency diseases 
among the jfiantation labour {see later) appears to be the consequence of the 
extremely low intake of vitamin A and its precursors. 

Thiamine . — Figures for the consumption of thiamine also show a low intake. 
Only about 11 per cent of the total consumption units surveyed obtain over 1 mg. 
of thiamine or 333 I.U. of vitamin Bj. It was not surprising to find the occurrence 
of vitamin Bi deficiency as a major deficiency disease among the plantation labour 
in South India. 

Vitamin C . — The consumption of vitamin C was also below the recommended 
figure. It was not found possible, however, to demonstrate the prevalence of 
actual deficiency disease due to lack of vitamin C in the cases examined. 

Medical evaluation op nutritional status. 

It was not possible to carry out the medical evaluation of nutritional status 
of all the individuals on each of the estates surveyed. Ten estates were, therefore, 
selected at random, representing the different plantation regions. The medical 
survey included 136 families with 461 adults and children of both sexes. Thus, 
the number examined amounts to 29 per cent of the total number surveyed for 
diets. 

Seope of the eocamination. 

The examination consisted of recording the medical history, measurements 
of heights and weights, and physical examination. The history was obtained by 
questioning and with children the information given by them was supplemented 
by that obtained from the parents. 

Physical examinaiion . — The usual routine of a complete physical examination 
was covered. In addition to the well-established signs of frank malnutrition, 
special attention was paid to the recognition of mild but chronic nutritional 
deficiency states. The diseases especially borne in mind were those caused by a 
deficiency of vitamin A, thiamine, riboflavin, nicotinic acid, ascorbic acid and 
proteins. Lack of personnel and insufficiency of time precluded more detailed 
investigations. 
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For tlie detection of vitamin A deficiency, reliance was mainly placed on a 
detailed inspection of the morphological changes in the conjunctiva and skin. In 
spite of the present controversial stage of the subject, follicular hyperkeratosis, 
ranging from a few parakeratotic follicles to extensive eruption was also taken as 
indicative of vitamin A deficiency. While Bitot’s spots were included under 
advanced deficiency, contemporary controversy about the value of localized 
elevation, thickening and pigmentation of the conjunctiva as signs of early 
■vitamin A deficiency has been taken into account (Nicholls and Nimalasuriya, 
'1939; Kruse, 1941; Kodicek and Yudkin, 1942; Passmore, 1947). 

For thiamine deficiency, the authors had to rely e.xclusively on the subjective 
and objective evidence of peripheral neuropathy. Subjective sensor)’^ disturbances 
have been recorded. Particular attention was paid to the peripheral nervous 
system in the neurological e.xamination. The state of the knee and ankle jerks 
together with the presence or absence of calf-muscle tenderness and plantar 
hypersBsthesia were recorded. It must, however, be emphasized that these signs 
are not definitely pathognomonic of thiamine or any other nutritional deficiency. 

Seborrhoeic changes in the fgce, fissuring at the angles of the mouth and lips, 
and magenta tongue were taken to indicate riboflavin deficiency. 

For detection of nicotinic-acid deficiency, the well-known changes in the skin, 
mouth and tongue were looked for. Vitamin C inadequacy was judged by the 
characteristic changes in the skin and gums, and protein deficiency by dependent 
oedema, not attributable to cardio-renal causes. 

Hcemoglobin determination . — The determination was carried out on all subjects 
with the Dare’s haemoglobinometer. Although the instrument had not been 
actually calibrated, the results were found to compare favourably with those 
obtained with the photo-electric colorimeter. The same person carried out the 
estimations throughout the investigation. 

In Tables IV to IX are given the relevant findings of the investigation 

Table IV. 

Age and sex distribution of subjects. 


Nujiber of fersoxs. 


Age range. j 

1 

Male. 

Female, j 

Total. 

Under 12 years (children) 

75 

• SS ' 

' . 103 

12 to 19 years 

I" 

1 24 

41 

20 to 29 years 

34 

GO 

: 94 

30 to 39 years 

72 

r>4 

126 

40 nnd over 

31 

(» 

37 

ToT.\t, 

229 

1 

232 

401 
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Heights and weights. — The data on ]ieiglit and weight of aduits were compared- 
witli the charts of the Oriental Life Assurance Company for Madrasi Hindus and 
Muslims. In Table V are given the data for 220 adults between the. ages of 20 
and 50 years. As comparable information was not available for children, no 
attemj)t to classify the observations has been made. 


Table V. 

Deviation of weights from the average for South Indian 

adidts. 


Deviation from average. 

Number 

of 

persons. 

Per cent of 
total number 
of men. 

20 per cent or more above average 

Nil 

Nil 

10 to 20 per cent above average 

• 1 

0-45 

5 to 10 per cent above average 

2 

0-9 

0 to 5 per cent above or below average 

16 

7-27 

5 to 10 per cent below average 

26 

11 -SI 

1 0 to 20 per cent below average 

94 

42-73 

20 per cent or more below average 

SI 

30-Sl 

Tot.41, 

220 



Vitamin A deficiency. — ^In Table VI are tabulated the observations pertinent 
to vitamin A deficiency among the subjects : — 

Table VI. 


Vitamin A deficiency in adidts and children. 


Phj'sical findings. 

Children under 12 

YEARS. 

Children over 12 

Y'EARS AND ADULTS. 

Number of ^ Per cent 
cases. i of total. 

i 

Number of 
cases. 

Per cent 
of total. 

Definite evidence of vitamin A deficiency 
(either dermal or ocular). ' 

Follicular hj^perkeratosis ... ... | 

Bitot’s spots ... _ ... 

Localized elevation, thickening, piginenta- j 
tion and opacity of the scleral conjunctiva. 

41 , 25'C 

39 I 23-C 

12 7-3 

100 61-3 

i I 

1 

39 ! 13 

23 7-7 

23 7-7 

242 , 81-2 

1 

1 

Total ... ; 1C3 , 

1 

298 

... 
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Of children 25'6 per cent and of persons above 12 years 13 per cent showed 
advanced states of vitamin A deficiency as judged by gross inspection of the morphol- 
ogical changes produced in the conjunctiva and skin. On the other hand, 81 '2 
per cent of persons above 12 years and 61 ‘3 per cent of children showed evidence 
of conjunctival degeneration, such as elevation, thickening, etc., which, according 
to Kruse (loc. cit.), are to.be rated as evidence of early deficiency of vitamin A. 

Thiamine deficiency . — No cases of cardiac beri-beri were encountered. The 
findings of the neurological examination are set forth in Table VII : — 

Table VII. 


Evidence of thiamine deficiency in 298 persons above the 
age of 12 years. 


Phyaical findings. 

Number of ; 
cases. 

1 

Per cent 
of total. 

C31f-muaele tcndenieas 

84 j 

28-2 

Plantar Iiyporieathesia 

45 ; 

ir.-i 

Absence of ankle jerks 

33 ! 

n-i 

Number of peraotva with one or more of the 
above signs. 

92 

30'S 

Subjective sensory disturbances complained 
of such as tingling and numbness, pins 
and needles, etc. 

102 

I 

1 

34*2 


Of the subjects 30-8 per cent showed evidence of involvement of nervous 
system, males being more frequently involved than females. There were only 
2 cases of peripheral neuropathy seen in children. 

Riboflavin deficiency . — Table VIII summarizes the incidence of signs of ribo- 
flavin deficiency. Of the 4G1 persons examined including children, 12’1 per cent 
showed one or more signs of this deficiency. 

Table VIII. 


Incidence of riboflavin deficiency. 


Age range. 

Total 

number 

examined. 

Number 
showing one 
or more 
signs of 
deficiency. 

Per rent 
of 

total. 

Persons o\’cr 12 years 

29S 

39 

13-2 

12 years and below 

163 

IS 

11-0 
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Other deficiencies . — There were no cases of pellagra. Two children showed 
spongy hj^perfcrophio giims^ easily bleeding on touch, not associated with 
haemorrhagic manifestations anywhere else. There were no cases of oedema 
deficiency. 

Hcemoglohin. — Table IX contains a summary of the hsemoglobin findings. 
Taking the values from 13 ‘2 g. to 16-5 g. per cent as the range of normalcy, 291 
Iversons showed subnormal haemoglobin levels ; out of these, 148 had less than 9-8 g. 
per cent of haemoglobin. Stool examination of all these cases was not done. In one 
localit}^ (Coorg) where it was done, 24 out of the 52 cases examined showed the 
presence of hookworm ova. Thus, there is evidence to suggest that many cases 
of low haemoglobin. may jeresumably be due to ankylostomiasis. 

Table IX. 


Hcemoglohin levels in 338 persons including 
children. 



NuVBEn OF FERSOXS. 

Range of liasmoglobin 
level g. per 100 c.c. 

12 years 
and 
under. 

Above 12 
years. 

10-5-14-9 

2 

22 

14'S-13-2 

3 

20 

13-1-11-5 ... 

7 

54 

11-4-9-9 

15 

G7 

9-8-8-2 

4G 

57 

8-1-C-G 

11 

17 

G-5-4-9 

1 

7 

4-8-3-3 

... 

S 

Less than 3‘3 

... 

1 

Total 

85 

253 


Other illnesses . — Iiitercurrent illnesses play an important role in producing 
‘ secondary deficiencies. Malaria as assessed by palpable spleen was not detected 
in most of the estates. Only two estates betrayed its presence, one of them being 
heavily infected. The splenic index in Coorg was as high as 50 per cent, whereas 
in Thiruvambadi (illalabar) it was 11 T per cent. Skin infections, such as scabies 
and coccal dermatitis, were frequently encountered though exact figures cannot 
be given. Upper respiratory tract infections were common, chronic lung disease 
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however was rarely seen. Two cases of acute lobar pneumonia were encountered 
during the examination in one estate. Onty one case of rheumatic heart disease 
was met with. Pathological features referable to the cardio-vascular system con- 
sisted of those found in advanced anaemia, such as dilated hyper-dynamic heart 
with systolic murmur. There were no cases of cirrhosis of the liver nor of infective 
hepatitis. Histories suggestive of chronic gastro-duodenal ulceration were obtainkl 
occasionally. Diarrhoea was frequeirtly complained of, more especiall)’^ among 
children. Over'half of them were with blood and mucus. 

Attention must be drawn to some features in the medical histories wdiicli are 
not included above, features which are mainly referable to gastro-intestinal dys- 
function, such as distension, lack of appetite, indigestion, etc. There are indica- 
tions in the literature {Bean and Spies, 1940) that gastro-intestinal discomfort can 
frequently be relieved by the administration of one or more components of vitamin 
B complex. It is possible, therefore, that some at least of these complaints may 
have been the result of malnutrition. 


Summary. 

1. The diets of labourers and their families on 35 tea, coffee and rubber 
plantations in South India were surveyed. The number of individuals included 
in the survey was 1,592. 

2. The survey revealed that the diets were low in calories and proteins and 
grossly deficient in calcium, vitamin A and its precursor and thiamine. 

3. The nutritional status of 461 individuals from 10 estates selected at random 
was medically evaluated. 

4. The nutritional survey show'ed that — 

(а) Seventy-nine per cent adults w'ere underweight by 10 per cent or more 

as compared with the average for South Indian adults. 

(б) Of individuals above 12 years 8r2 per cent and of children below 12 

years 6r3 per cent showed morphological changes attributable to 
early vitamin A deficiency. 

(c) Evidence of neurological involvement due to thiamine deficiency was 
found in 30'8 per cent individuals above 12 years of age. 

{(}) Of the total number examined 12 T per cent showed one or more signs 
of riboflavin deficiency. 

(e) Two hundred and ninety-one persons had htemoglobin levels below 13-2 g. 
and 148 had less than 9’S g. per cent. Some evidence is forthcoming 
to suggest that the cause of aniemia may lie in extensive incidence 
of ankylostomiasis. 


The authors are indebted to the officers and staff of the Labour Bureau, Govern- 
ment of India, led by Iffr. E. V. hfathai, m.a.. M.Litt., for collecting data for dietara' 
intake. Thej* are also grateful to the Ministry of Labour, Government of India, 
for permission to publish the results of diet and nutrition surveys. 
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Factors Responsible for Onset of Diabetic Symptoms. 


Much interest has recently been created by the works of Sliaw Dunn, 
McLetchie and Sheehan (1943) who have shown that both hyperglycaonha and 
characteristic damage of the insulin-secreting cells of the pancreas can be brought 
about by ' the continued administration of Alloxan. The /?-cell degeneration, 
however, caused by Alloxan seems to be different from that observed by 
Best et al. (1943) resulting from the continued injection of anterior-pituitary 
extract. 

In a recent jmblicati on the authors have shown (Jlath and Brahmachari, 1944) 
that aceto-acetic ester and the sodium salts of ^-hydroxy butyric acid and pyruvic 
acid when injected into rabbits can produce an immediate rise in the blood-sugar 
level, M^hich comes down gradually to the normal limit after about 24 hours. 
Subsequently, in another publication they have shown (Nath and Brahmachari, 
1946) that the action of insulin is inhibited both in vitro as well as in vivo by these 
toxic metabolites. 

An investigation was, therefore, begun with a view to study the direct relation- 
ship between- these intermediary fat metabolites and h}q)erglyca 2 mia and to see 
whether these factors may be held responsible for the characteristic damage to the 
islet cells of the pancreas in the long run, as observed so commonly in case of the 
‘ diabetes mellitus ’. 

The present paper deals with the effect of continued daily administration of 
some intermediary fat metabolites on tlie blood-sugar level of rabbits. 


Expkrimental. 

The substances studied were {{) aceto-acetic acid and (w) jS-hydroxy butpic 
acid, in the form of their sodium salts. A set of healthy male rabbits weighing 
about 2 kg. and having a fasting blood-sugar A^alue between 110 mg. and 120 mg. 
per 100 c.c. were selected for these observations. These rabbits were divided into 
two groups, one of those substances being injected daily to each group continually 
for a long period. The rabbits were placed in wooden cages, two of them being 
placed in each cage. During the whole experimental pe’riod, they were given green 
gram and green grass as food. Blood was taken from the marginal veins of the 
ears of the animals and the blood sugar was estimated by the method of Hagedorn 
and Jensen (1923) from the samples collected after the animals were kept in a 
fasting condition for about 18 hours. 

In the first set of animals receiving a constant dose of 50 mg. of substance 
per day it was seen that the h 3 "perglyc 8 eniia caused by these substances did not 
persist for a long time, unless the doses of the substances injected were also 
graduall}'- increased. So, in a second series of experiments, the animals were given 
gradually increasing doses of the substances beginning with a daily dose of 50 mg. 
per animal which was increased weekly by 16 mg. The total period of obser- 
vation was 14 weeks. 

In a third set of animals (2 rabbits) 100 mg. of jS-hjMroxy butyric acid wore 
injected daily and the dose was increased by 100 mg. more only after distinct signs 
of hjqioglycpemic tendency had been observecl. 



Blood sugar (mg./lOO c.c.)* 
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In a fourtli set of experiments, in whicli four animals were given graduallv 
increasing doses of ^-hydroxy butyrate, the effect on the ‘ sugar tolerance ’ was 
obser\’’ed at some regular intervals throughout the whole experimental period. 
Observations on the fasting levels of the blood sugar were made every seven days, 
blood for examination being withdrawn before the usual daily injection. The 
rabbits were weighed every week, and the general health of the rabbits was examined 
every day before giving injections. The urine was examined for sugar and acetone 
bodies once a week. 

Injections were given intramuscularlj'- every day after food. Strict antiseptic 
measures were followed during the process of injections so that in no case was there 
any untoward effect, such as inflammation or wounds, etc., due to these long- 
continued daily injections. 

Graph 1. 



Constant .accto-acelate doses. -$• Increasing nceto-acetatc doses. 

Ajj Constant /5-hydroxy hiityratc doses. Increasing ^-hydroxy butyrate do»cs. 


Results. 

Gradual changes in the blood-sugar values are given in Table I, and the results 
wjth only one from each group of animals are represented in Grapli 1 in order to 
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indicate the nature of their initial fall and gradual rise after a particular period. 
Table II shows the results of observations on the body -weights of these animals 
receiving gradually increasing doses of the substances ; Graph 2 shows the blood- 


Gbapii 2. 


Effect of ‘ increasing doses ^ 



Time in days. 


sugar results after increasing the dose only when a marked fall in the blood-sugar 
values were observed ; while Graph 3 represents the sugar-tolerance curves at 
difiercnt stages. Results showing the development of glycosuria in the animals 
are represented in Table HI. 
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Some observations with the female animals . — Two of the experimental animals- 
receiving sodium aceto-acetate happened to be female and they could not stand 
injection for more than 4 weeks. The values of blood sugar in these animals were 


Graph 3. 


Siigar-tolerance curves. 



found to rise from 117 mg. and 126 mg. to 168 mg. and 159 mg. respective!}' 
as studied on the 21st da)*. This observation confirmed the findings of 
Deuel and Davis (1942) who noted that the female experimental animals arc more 
prone to ketosis than the males. Bot]i these animals died during the end of 
J, MR 


u 


Fasting blood-sugar values {mg.jlOO c.c. blood). 

(Average values for two rabbits in each cage.) 

[ (A) Constant doses (50 ira. teu animal per day). 



26 and 27 ^-hydroxy bufcy- 120 112 110 123 15G 172 185 192. 205 210 214 213 200 193 196 

rate. 

28 and 29 „ ... 112 90 9.5 126 160 185 108 210 216 220 218 200 195 190 200 

30 and 31 „ ... US 110 100 125 1.50 165 175 180 185, 193 190 185 192 180 180 








































Table II. 

Average body-iceight of the experUnental rabbits receiving gradually increasing doses of (i) acelo-acetate and 
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Table III. 

Test for glycosuria in the expert mciUal anwutls. 

Substance injected, /S-liydroxy butjTate (intramuscularly). 

(Initial close 60 mg. daily per animal, increased by 15 mg. per 'week per animal.) 

(Average figures for 4 rab]>its,) 


Period of 
injection, 
days. 

Total amount 
injected from 
beginning. 

Blood 
sugar. 
mg./lOO c.c. 

Test for olycoscria : 

Fasting. 

After food. 

After feeding 
glucose 
(5 g.). 

7 

350 mg. 

j 1.32 

... 

... 

... 

14 

80u mg. 

1 

149 

... 

... 

... 

21 

1‘365 g. 

j 158 

... 

... 


28 

2-030 g. 

1.59 

... 

... 

-}- (trace) 

38 j 

3-800 g. 

163 

••• 

... j 

+ (trace) 

42 

4-675 g. j 

105 1 

... 1 

... 

-f- (trace) 

49 

.5-655 g. 

1G2 

... 

-}- (trace) 

+ + (0-84%) 

.<56 

6-740 g. 

168 

1 

+ (trace) 

. + + (0-5%) 

+ -f + (1-33%) 

63 

7-930 g. 

1 173 

+ + (0-08%) 

+ 4- (0-9%) 

+ + + (1"8%) 

70 

9-225 g. 

170 

1 ++ (0-0S%) 

1 

+ + (0-93%) 

... 

77 

10-625 g. 

168 

+ + (0-06%) 

+ +(0-8%) 

+ + + (^’5%) 

84 

12-130 g. 

172 

+ + (0-06%) 

+ + (0-84%) 

+ + + (1-2%) 


4th week and on autopsy the following changes in their glands and organs 
were observed : — 

Animals Nos. I and II (F) : 

{a) Cyanosis of face, (b) looseness of hair, (c) rupture of the lungs, 
(d) blackening of the liver and kidneys, (e) damage to the pancreas 
and (/) peritonitis. \ 

Details regarding the histological findings of the essential glands of the experi- 
mental animals, which are in progress, will be sent for publication in due course, 

Discussion of results. 

It will be seen from Glraph 1 that, for the first few days after the beginning of 
the daily injections (dose 6() rag.), the general tendency of blood sugar is towards a 
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fall, thus showing rather a stimulus to the insulin-secreting mechanism of the 
pancreas. This has been followed in every case by a gradual rise, the maximum 
value being attained within 49 to 56 days. After this period the blood sugar remains 
practically constant for some time, provided the strength of solutions injected 
remains the same, and then there is a tendency towards a gradual fall. At the end 
of about 90 days of injection, the blood sugar actually fell to the pre-experi- 
mental level, and in some cases even below that. This tendency towards hypo- 
glycsemia persists, if the strength of solutions injected is not increased ^adually. 
Graph 2 shows how hyperglycssmia can be maintained by gradually increasing 
the dose of the injectule whenever there is a tendency for the blood-sugar level 
to fall. 

It is also interesting to note that, whereas the animals receiving constant doses 
initially lost some weight and then maintained more or less constant body-weight, 
those of the second group receiving gradually increasing doses went on losing weight 
and at a later stage became very much emaciated before death. 

Graph 3 shows the change of sugar tolerance of the animals receiving gradually 
increasing doses of j3-hydroxy butyrate. At the last stage of the experiment the 
curves are found similar to those of the typical serious diabetic types. 

Sotbiary. 

1. Sodium salts of the intermediary fat-metabolism products, viz. aceto-acetic 
acid, ^-hydroxy butyric acid, while injected daily in the normal rabbits, cause 
initial reduction of blood sugar up to a period of 2 weeks or so. 

2. After this period of 2 weeks’ time there is observed a gradual rise in the 
value of blood sugar which after 3 or 4 weeks exceeds the nprinal limit in almost 
all the cases. 

3. This state of hyperglycsemic condition is not maintained for long after 
a particular time, and the blood-sugar values begin to fall, if the daily dose is not 
allowed to be increased. 

4. _ By gradual increase in the doses of these compounds it has been possible 
to maintain a typical type of hj'perglycsemia characterized with decreased sugar 
tolerance, as in the case of clinical diabetes mellitus. 

5. Glycosuria and acetonuria have been observed along with hyperglycasmia 
in the animals (rabbits) receiving daily injection of gradually increasing doses of 
^-hydroxy butyrate for about 50 days. 

6. The results confirm the hypothesis put forward by the authors (Nath and 
Brahmachari, 1944 ; 1946) that the ketone bodies might first stimulate the 
pancreatic islet cells and later cause some disturbances in the activity of those 
cells after fatigue through excessive work. 


The authors are grateful to Shrimant :\I. G. Chitnavis for his donation for 
this Department and to the Lady Tata Memorial Trust for the award of a 
scholarship to one of them (H. D. B.). 
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STUDIES ON THE ETIOLOGICAL FACTOES 
EESPONSIBLE FOR THE ONSET OF 
DIABETIC SYMPTOMS. 


Part II. 

EEFECT OE LONG-CONTINUED ADMINISTRATION OE SOJIE 
EAT-METABOLISM PRODUCTS ON THE POTENCY OE 
PANCREATIC INSULIN OF GUINEA-PIGS. 


BY 

M. C. NATH, D.sc., 

AND 

H. D. BRAHMACHARI, 5i.sc.* 

{From the Department of Biochemistry, Nagpur University.) 


[Received for publication, Julj' 21, 194S.] 


JoSLiN (1933) and many others regard adiposity as a possible precursor of 
diabetes. Roy and Mukherjee (1939) have shown that the first stage in the develop- 
ment of hyperglycsemia is a condition of acidosis, resulting from the faulty method 
of living especially through high-protein and fat diet. Nath and Brahmachari 
(1944), who for the first time began some systematic investigations on the role of 
the intermediary fat metabolites on the development of diabetic conditions in 
animals, showed that gradual accumulation of those products (e.g. iS-hydroxy- 
butyric acid, aceto-acetic acid, etc., in the form of their sodium salts) can cause a 
state of hyperglycsemia iu the experimental animals (rabbits). 

Subsequently, the authors (Nath and Brahmachari, 1946) have also shown 
that these substances have the power of inhibiting the activity of external insulin 
both in vitro and in vivo. 

The present observation deals with the effect of these ketone bodies on the 
potency of pancreatic insulin of the guinea-pigs. 


* Lady Tata Memorial Scholar. 
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Experimental. 

The experiments were performed on adult male guinea-pigs, all having almost 
the same body-weight, i.e. about 500 g. A set of twelve male guinea-pigs was 
selected for each set of experiments, thus requiring three dozen guinea-pigs for 
three sets. Besides these, twelve guinea-pigs were used for control experiments. 

The experimental animals were given daily injections of the sodium salts of 
the abnormal fat metabolites, such as aceto-acetic acid, /S-hydroxy-butyric acid 
and pyruvic acid, each set of animals receiving one substance continuously. The 
initial dose in each case was 100 mg. per animal and this was increased by 15 mg. 
per animal per week. All the animals were kept on their usual diet consisting of 
green gram and green grass. 

Three animals from each set were de-pancreatized at a time, at regular 
intervals, and the insulin extracted from the pancreas was assayed on normal 
healthy rabbits. The results were evaluated as insulin activity per g. of the 
pancreas-tissue. Insulin was extracted from the pancreatic tissue according to 
the method of Best et at. (1939) and the assaying was done according to 
Marks (1936). 

Results. 

The percentage reduction of blood sugar of normal healthy rabbits caused by 
the insulin obtained per gramme of pancreatic tissue of the ' animals is given in 
the Table and the gradual changes in the potency of the pancreatic insulin are 
represented in the Graph. 

Table. 


■Substance studied. 

Days of injection 
before 

de-pancreatization. 

Assay of i: 

PAKCREAS-TISS 

Original 
blood sugar, 
mg. 

NSULIN OBTAINE 
SITE (ok normal 

Average 
blood sugar 
of 5 hours’ 
pool, mg.. ■ 

D, PER 0. OF 
MALE rabbits). 

Per cent 
reduction. 


■ 

15 

1 

100 ; 

67 

33-0 

1 


41 

104 ; 

87 

16-3 

1. Aceto-acetate ..r 


1 

1 




1 


56 1 

98 

! 86 

1 ; 

12:4 


1 

68 

110 

97 

11-8 



24 

104 

70 

32-0 



50 

no 

78 

29-0 

2. j9-h3'droxy-butj'rate 

1 

65 

96 

85 

11-4 


h 

\ 

80 

95 

86 

9-5 







Percentage reduction 
(blood sugar)* 


M. C. Nath and H. D. Brahmachari. 


' 73 


Table— co«cZ(?. 


Substance studied. 

1 

j Days of injection 

1 before 

de-pancreatization. j 

i 

Assay of v. 

PANCREAS-TISS 

Origina) , 
blood sugar, j 
“g- ! 

flS0LIN OBTAIKEl 

UE (on norsiae : 

Average 
blood sugar ' 
of 5 hours’ j 
.pool, mg. , 

D, PER 0. OF 
MALE rabbits). 

1 

1 

Per cent 
reduction. 



15 

i 

102 

76 

25-0 


i ! 

30 

lOS 

87 

18'3 

3. Pyruvate 

' i 

i 

i 




[ 1 

50 

100 

80 

20-0 


i ' 

65 

105 

ss 

j 

16'2 


i 

0 

105 ^ 

j 82 

21-9 

Normal (control) ...J 

1 

1 

30 

100 

: 78 

22-0 


1 

60 

100 

1 1 

21-0 


Graph. 


Changes in ‘ potency of pancreatic insulin 
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Discussiox. 

' From a study of the results it is evident that injection of the intermediary- 
fat metabolites causes an initial increase in the activity of insulin per g. of the 
pancreatic tissues of the treated animals. Such gradual increase in potency -was 
observed only up to 2 to 3 weeks of injection there being a sudden fall, most pro- 
nounced in case of animals receiving aceto-acetate, thereafter. 

The pancreatic activity,- as far as the potency of insulin is concerned, is found 
to come below the normal level within 4 weeks’ time in case of animals "treated with 
aceto-acetate, while those treated with ^-hydroxy-butyrate show depression below 
normal limits after aljout a period of 7 weeks ; and insulin potency of the animals 
of both the groups is found to be reduced by more than 50 per cent after about 
2 months’ time. 

This type of initial increase in the blood-sugar reducing capacity of the pan- 
creatic extract and a sudden decrease after a short period of treatment with different 
tj^es of intermediary fat metabolites confirms very nicely the postulation made 
•by the authors a few years ago (Nath and Brahmach'ari, 1944) where it was 
suggested that these products might first stimulate the pancreatic islet cells which 
might gradually become fatigued through excessive Avork. 

The initial hy^oglycminic effect of these types of compounds for a period' of 
2 to 4 weeks and their late effect of causing hy'perglymmmia with increased doses, 
as recorded in Part I (Nath and Brahmachari, 1949), can also be accounted for 
very nicely through this concept. 

The data also show well that these ketone bodies, when injected into the 
normal animals for a long period, exert their hyperglycjejmc effect not through 
any stimulus to the adrenals but through their activity in the proper insulin- 
secreting mechanism of the pancreas. 

It can be noted, however, that the pywavate does not seem to have exerted 
such great effect as observed with the substances mentioned previously. This 
might be due to its less toxic nature, being a normal intermediary metabolite of 
the carbohydrates as well. 

This is well known that during some disturbance in the proper metabolism of- 
fat in the body the concentration of these types of ketone bodies increases to a 
considerable extent and obese persons are more likely to have such disturbances 
in their systems. The present observation can; therefore, throw some light into 
the matter how obesity and overweight are, in most cases, found to lead to the 
development of diabetes in the long run. 


Summary. 

1. Internaediary fat metabolites, such as ^-hydroxy -butyric acid and aceto- 
acetic acid (Na salts), when injected into normal guinea-pigs beginning, with the 
daily dose of 100 mg. per animal, have been found to increase the blood-sugar 
reducing capacity of the pancreas of those treated animals initially, i.e. up to_2 to 4 
weeks’ time, thus indicating initial stimulus to the insulin-secreting mechanism of 
that gland. 
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2. Continued injection of these substances, however, for a longer period 
brings about gradual reduction in the insulin activity of the pancreas ultimately 
leading to only one half of its potency after a period of two months, which indicates 
ultimate fatigue of the islet cells caused through constant stimulation and strain. 

3. Pyruvate does not seem to be exerting such great influence in the distur- 
bance of the secretion of insulin as the other intermediary fat metabolites. 

4. Some insight into the matter as to how adiposity, in most cases, acts as a 
precursor to diabetes, which generally develops after a particular period of life, 
has been obtained. 

Our grateful thanks are due to Shrimant M. G. Chitnavis for his kind donation 
for the development of this Department and active interest in our research 
works. 

We also record our thanks to the Lady Tata Memorial Trust for encouraging 
this piece of investigation by the award of a scholarship to one of us (H. D. B.). 
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INFANT FEEDING EXPERIMENTS WITH SOYA-BEAN 

MILK. 


BY 


H. S. R. DESIKACHAR, 


AND 


V. SUBRAHMANYAN. 

{From the Department of Biochemistry, Indian Institute of Science, 

Bangalore.) 

An Inquiry under the auspices of the Indian Research Fund Association. 

[Rsceired for pulHication, August 2, 19dS.] 


Previous studies carried out by us on the nutritive value of soya-bean 
milk by feeding on rats and adult human subjects have shown that both the 
milk and the curd prepared from it are easily digested and absorbed by the 
body. The actual biological value as determined by metabolism experiments 
was found to be about 90 per cent as good as that of cow’s milk fed under 
similar conditions (Desikachar et al., 1946). Similar observations were e.xtended 
on children to study the suitability of soya milk for infants and toddlers. 
The results of such feeding experiments on children are embodied in this 
communication. 

It has been reported by earlier workers that the fat content of Indian cow or 
buffalo millv is fairly high specially in the winter months (Rangappa, 1948). Owing 
to this high fat content, it is a general experience that such milks are often not 
easily digested by children especially in South India. Soya-bean milk on the other 
hand contains a relatively lower fat content and on that account might prove 
useful as an infant food. Moreover, soya-bean milk is being fed to infants in 
China (Chang and Ernest, 1931) and sweetened soya-bean curd is also reported to 
he beneficial ns an infant food because its curd tension is low. It was on these 

( n ) 
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Table — contd. 
Calcium balance. 


(All data represent figures in mg. for the total period.) 


Subjecb. 

Ago, 

years. 

Intake 
in g. 

Urinnrj’ 
e.Kcretion 
in g. 

Faecal 
c.vcrction 
in g. 

Total 
excretion 
in g. 

Amount 
retained 
in g. 

Percentage 

retained. 

Soya milk ; 

L. M. 

i 

2 

4,053 

181 

1,785 

1,966 

2,089 

1 

51-52 

A. C. 

2 

3,808 

146 

1,732 

1,878 


51-82 

S. M. 

2 

4,434 

128 

1,686 

1,814 

2,620 

59-09 

P. F. 

3 

4,490 

109 

2,143 

2,252 

2,238 

49-83 

H. S. 

2 j 

4,486 • 

98 

j 

2,341 

2,439 

2,047 

46-63 

N. S. 

! 

1 

1 

1 4,484 

107 ^ 

1,947 

2,054 

2,430 

54-20 

Average 

! 

i 

1 

1 

: 

... 

... 

... 

62-4 

Cow’s MILK : 

L. M. 

0 

i 

6,868 

175 

2,769 

2,934 

2,934 

50-00 

A. C. 

2 

5,868 

178 

2,711 

2,889 

2,979 

50-76 

S. M. 

i 

2 

6,868 

191 

2,636 

2,827 

3,041 

51-82 

P. F, 

3 

5,938 

146 

2,945 

3,091 

2,867 

48-12 

H. S. 

2 

6,208 

125 

2,336 

2,661 

3,547 

67-13 

N, S. 

1 

6,030 

148 

2,690 

2,838 

3,212 

53-09 

Average 


... 

... 

... 

... 

••• 

51-8 
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Table — concld. 

Phosphorus balance. 


Subject. 

Age, 

5 ^ears. 

Intake 
in g. 

Urinarj' 
excretion 
in g. 

Fiecal 
excretion 
in g. 

Total 

excretion 

in g- 

Amount 
retained 
in g. 

Percentage 

retained. 

Soya milk : 

1 

L. M. ... ... 1 

2 

2,625 

182 

1,191 

1,373 

1,252 

47-69 

A. C. 

2 

2,523 

198 

1,203 

1,401 

1,122 

44-46 

S. M. 

2 

2,870 

167 

2,355 I 

1,522 

1,348 

46-97 

P. F. 

3 

2,907 

178 

1,366 

1,544 

1,363 

46-89 

H. S. 

1 

2 

2,904 

191 

1,283 

1,474 

1,430 

49-23 

•N. S. 

1 

2,902 

212 

1,400 

■ 

1,612 

1,290 

44-44 

Average 

... 

— . 

... 




40-0 

Cow’s MILK : ' 

L. M. 

2 

j 

. 4,052 

213 

1 

2,019 

2,232 

2,420 

- 

52-01 

A. C. 

2 

4,652 

168 

2,110 

2,284 

2,368 

1 

‘ 50-90 

S-H. 

2 

4,652 

181 

2,321 

2,502 

2,150 j 

40-22 

P-F. 

3 

4,724 , 

1 

202 

2,150 ; 

2,352 

2,372 

50-21 

H-S. 

2 

4,921 

1 

197. 

2,570 

2,773 

2,148 

43-04 


1 

1 

j 

4,797 

I 

i 

107 

2,11S 

! 1 

2,285 

t 

2,512 

52-30 

Aver-age 


... 

i 

t 

1 

... 

i 


49-2 
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Infant Feeding Fxferiments with Soya-Bean Milh. 

r 

Discussion, 

The average figure for retention of jirotein is 60‘7 per cent in the case of soya 
milk, while the corresponding figure for cow’s milk is 70‘3 per cent. This would 
show that once the subject is acclimatized to it, cow’s milk protein is retained to 
a somewhat greater extent than that of soya-milk protein. The value for soya 
milh is, therefore, 86 '3 per cent of that of cow’s milk. This result is in agreement 
with the result of similar experiments on adult subjects and also 'on rats which 
showed that the proteins of soya milk were 90 per cent as good as the proteins of 
cow’s milk regarding their nutritive value. 

The data on calcium balance show that the average figures for calcium retention 
are 52'4: per cent in the case of soya milk and 5T8 per cent in the case of cow’s milk. 
The calcium in cow’s milk and soya milk is, therefore, equally w'ell utilized. It 
has, however, to be noted that the calcium content of soya milk is only about 50 per 
cent of that of cow'’s milk. 

The percentage utilization of phosphorus is 46’6 in the case of soya milk and 
49‘2 in the case of cow’s milk. There is not much difference, therefore, in the 
availability of the phosphorus in the two milks. 

As the subjects were very young and as the institution authorities were not 
in favour of any drastic alteration in the diet, it w^as not possible to carry out 
parallel trials with low nitrogen as w’^ell as low calcium and phosphorus diets. 
Although the reported figures are not absolute measures of the utilization of the 
three constituents, they are nevertheless of much relative importance as they 
relate to very young subjects. 

One rather interesting feature emerges from the results. This relates to the 
high percentage of retention of the different constituents in the case of the children. 
This is particularly so with respect of calcium and phosphorus. Similar cases of 
high calcium and phosphorus retention have been observed by Stearns and Moore 
(1931), Hunscher et al. (1932) and Wang et al. (1928, 1930). It has been suggested 
that the previous nutritional status of the subjects may have had an important 
bearing on the retention of calcium and phosphorus. The fact that the children 
are actively growing and hence require these essential substances for their tissue 
growth might also proAude a partial explanation. 

Summary. 

1. Feeding experiments with soya milk were conducted with 30 children 
(1 to 3 years old). Children under one year recehmd soya milk as the sole food, , 
while older children receded it as a supplement. It was observed that all the 
children readily took to soya milk. The growth rate was normal and no digestiAA 
disorder could be observed. 

2. Comparative absorption and utilization of the proteins, calcium and phos- 
phorus in cow’s milk and soya milk was studied on select number of children. Soya- 
milk protein was 86 per cent as much utilizable as cow’s milk protein. The utiliza- 
tion of calcium and phosphorus in the case of both the milks was fairly .high, being 
over 60 per cenfinthe case of calcium and oAmr 47 per cent in the case of phosphorus. 
There was practically no difference in the utilization of calcium and phosphorus 
in the two milks. 



Tl. S. B. DesiJcachar and V. Siihrahnanyan. 
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Introduction. 

The beneficial effects of high protein intakes during periods of calcium 
deficiency haA’-e been observed by a number of vrorkeis (Mellanby, 1921, 1925; 
Pittman and Kunerth, 1939). Based on their earlier observations* that the solu- 
bility of insoluble calcium salts is increased in solutions of amino acids, McCance 
ci ah (1942) found that an increased protein intake results in a better calcium 
al)sorption and retention. While discussing their results they suggested the intake 
of a large quantity of protein for ma.vimal calcium retention. Quantitative studies 
on the level of protein intake and the quality of protein in the diet on the utilization 
of dietary calcium and phosphorus Avcrc, therefore, undertaken by us and the 
results of such a study are presented in tliis paper. 


• E.ypekimentai,. 

The general plan of the experiment was to feed diets containing varying levels 
of protein (0, 5, 10 and 15 per cent levels) and fi.xed amounts of calcium and phos- 
phorus to rats and study the amount of calcium and phosphorus absorbed and 
retained by the animals. Coagulated egg-white which contains very low amounts 
of calcium* and pho.si>horus was taken as the source of protein in the diet. To 

( S5 ) 
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Level of Protein Intake. 

study the effect of quality of protein .on calcium and phosphorus absorption, the 
egg-white was later replaced by an equivalent amount of a deficient protein-like 
gelatin, and the efficiency of calcium and phosphorus absorption was studied. A 
last experiment was also included in the series where the diet contained a single 
non-essential amino acid, like glycine, instead of a complete protein, like 
egg-white. The percentage of calcium and phosphorus assimilated was calculated 
in each case. 

The experiment -was performed on six healthy adult rats of about 150 g. in 
weight. Each .experimental period consisted of feeding for one week, the last five 
days in each period being used for collection of excreta. Between successive 
experimental periods the rats were kejit on a normal stock diet for four days to 
provide rest for the animals. The food intake of the animals was noted during 
each experimental period. 

Calcium in the urine was estimated according to )Shohl and Pedley (1922). 
Calcium in the food and the faeces was estimated after ashing by the method of 
McCrudden (1911-12). The urine was analysed for phosphorus by the method of 
Fiske and Subba Row (1925). Perchloric acid was used for digestion of the urine 
samples. The food and fascal samples were ashed and later used for phosphorus 
estimation. Sodium acetate was added before ashing to fix the phosphorus, 

_ The calcium and phosphorus balance data for the animals during the various 
periods and the percentage of calcium and phosphorus assimilated are given in 
•the Table : — 

Table. 


{All values are expressed in mg. of calcium or ■phosphorus.) 


i 

Rat ^ 
nurabor. 

Galcicm. 

PirosriioRUS. 

1 

^ Intake. , 

! 

i ' I 

Urinarv 1 F.-ccal , , t t i 1 

i e.Kcrction, e.xcretion. 1 I 

1 i ; 1 

I Urinarj 
excretion. 

Ffccal 

1 oxevotion. I 

1 

1 

1 Baiance. 

1 

I. FftOTEIN-rREE DIET ; 


1 

158'3 

6-4 

106-0 

46-9 

62-1 

49-8 

10-9 

1-4 

2 1 

165-6 

6-6 

112-3 

40-7 ; 

64-9 

53 -S 

10-5 

0-6 

3 

171-9 1 

7-2 

108-1 

1 56-6 

67-5 

50-4 

10-4 

0-7 

■i 

180-7 ■ 

7-8 

122-8 

1 50-1 

70-9 

55-8 

10-8 ’ 

4-3 

5 

167-4 

G -8 

99-3 

! 51-3 

61 - 7 ' 

47-1 

• 12-6 

2-1 

G 

^ 140-6 

6-1 

1 

88-3 

i 

! 46-2 

I 

55-2 

47-4 

10-3 

1 

[ - 2-4 

1 ■ 

Average 

1 

1 ! 

162-4 1 

1 1 

1 

... 

1 

49-5 

63-7 

i 

1 

1 

1-1 

I 
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Table — contd. 


! 

i Calcium. 

Phosphorus. 

I 

number, i 

1 Intake. 

j 

Urinary 

excretion. 

1 

Balance. 

excretion. I 

■ 1 

Intake ! Urinary Fiecal 

inta e. excretion. | excretion. 

Balance. 


II. 5 PEB CENT PROTEIN DIET : 


1 

178-2 1 

9-8 

\ 

102*i 1 

66-2 

70-9 

48-8 

10-9 

1 

; 11-2 

2 

182-0 1 

9-6 

107-2 1 

1 

65*7 

72-6 

47-9 

11-1 

13-6 

3 

lGO-2 

6-9 

92-8 1 

60-5 

63-7 

41-1 

10-5 

12-1 

4 

171-6 ■ 

7-2 

103-1 1 

61-3 

68-3 

44-1 

10-6 

13-6 

5 

169-2 ; 

7-1 

93-5 j 

68-6 

67*3 

i 1 

43-0 

10-2 

14-1 

G 

lSO-1 , 

i 

7-6 

97-1 I 

75*4 

71-6 

46-1 

11-2 

14*3 

Average 

173-6 1 

66-3 

69-6 


i 

13-2 

! 

III. 10 PER CENT PROTEIN DIET : 

1 

175-9 

9*5 

94-0 

72-4 

70-3 

i 33-6 

10-9 

25-8 

2 

168-6 ^ 

8-4 

86-1 

74-1 

67-3 

' 32-5 

11-7 

23-1 

3 

170-8 j 

8-2 

89-0 

73-6 ' 

68-1 

1 31-3 

11-2 

25-6 

4 

181-6 j 

8-1 

95-2 

78-3 

72-5 ' 

’ 31-0 

11-4 

30-1 

5 

156-7 

8*5 

79-1 

69-1 

62-5 

! 28-4 

11-4 

22*7 

G 

178-1 1 

i 

9-9 

96-1 

70-1 

70-3 

34-4 1 

10-8 

25-1 

Average 

171-6 



72-9 

68-5 * 

1 

• ■■■ 1 


25-4 

IV. 15 PER CENT PROTEIN DIET 1 

1 

180-8 

1 

10*4 

' 

1 

1 92-4 

; 1 

72-3 

24-6 

! 1 

11-6 ' 

36-1 

o 

# ** 

176-2 

1 

9-2 

! 

90-6 , 

70*5 

24-7 

10-9 

34-9 

3 

196-3 i 

9-6 

88-6 

98-1 , 

78-6 

26-8 i 

i 

11*5 ' 

40-3 

4 

185-4 

10-6 

1 8=-'’ i 

j 91-9 1 

74-1 

22-7 1 

10-9 

40-5 

5 

170-7 

10-1 

1 

' 72-4 ! 

j S8-2 ! 

68-2 

24-6 ' 

10-5 

33-1 

G 

181-6 

9-5 

79-3 

1 

72-6 

26-5 

10-5 

35-6 

Avcr.age 

181-8 


; 

92-3 

, 72-7 



36-8 
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Table — contd. 


Eat 

number. 

i 

Calcium. 

Phosphorus. 

Intake. 

Urinary * Faical 
excretion, excretion. 

1 

Balance, j 

1 

^ cSS. 1 JSl. ^ 

j j 


V. 15 PEn CENT GELATIN DIET : 


1 

200-0 

10-2 

108-5 

81-3 

77*5 

47-9 

10-4 

19-2 

2 

193-6 

8-7 

109-0 

75-9 

75-0 

39-5 

12*1 

23-4 

3 

174-4 

11-6 

86-7 

76-1 

67-5 

41-0 

10-6 

15-9 

4 

139-0 

7*2 

76-1 

55-7 

53-8 

33-3 

11*3 

9-2 

6 

177-7 

12-9 

94-2 

70-6 

C8-S 

36*9 

11-2 

20-7 

6 

167-9 

8-9 

84*3 

74-7 

65-0 

36*8 

11-1 

17-1 

Average 

175-4 

... 

... 

72-4 

I 

67-9 

... 

17-6 


VI. 5 PER CENT GLYCINE DIET : 


1 

164-2 

10-6 

1 

1 94-7 1 

1 

i 48-9 

61-3 

50-9 

9-8 

1 

0-6 

2 

159-7 

9-8 

94-2 

55-7 

63-5 

49-5 

10-0 

4-0 

3 

143-3 

8-9 

85-7 

48-7 

67-0 

48-7 

9-8 

-1-5 

4 

144-1 

7-9 

85-4 

50-8 

57-3 i 

42-2 

10-7 

4-4 

5 ! 

127-0 

9-1 

74-8 

43-1 

50-5 

40-3 

11-1 

-0-9 

6 

148-1 

10-4 

87-9 

49-8 

58-9 

j 45-6 

1 

11-6 

1-7 

Average 

) 

146-1 

... 

... 

49-5 

! 1 

58-1 ! 

1 

1 

... 

1-4 


Note . — The composition of tlie diet given to the animals is given below : — 

Corn starch 56 per cent, cane sugar 15 per cent, coco-nut oil 10 per cent, calcium-and- 
phosphorus-free salt mixture 4 per cent, and protein 15 per cent. 

When the protein level had to be reduced to 10, 5 or 0 per cent, a requisite quantity of starch 
was added to make up the deficit quantity of protein. Yeast extract served as a source of vitamins 
of the B group. Vitamins A and D were supplied in the form of Adexofin. 



ti. S. R. Desitcaohmyand F. Subrahmanyan. 89 

Table — cmdd. 

Average 'percentage ulilizalion of calcium and phosphorus. 



Diet 1. 

Diet 2. 

Diet 3. 

Diet 4. 

Diet 5 . 

j Diet 6. , 

Calcium 

30-5 

38-2 

42-5 

50'8 1 

41-3 

33-9 

Phosphorus 

1-7 

190 

37-1 

50'6 ; 

25-9 

2-4 


Discussion. 

The data on the calcium and phosphorns balance of the animals under 
the various dietary regimes as represented in the Table clearly show the pro- 
found influence of dietary protein on calcium and phosphorus balance. On a 
protein-free diet calcium is utilized only to the extent of 30 ‘5 per cent. There is 
practically no retention of phosphorus at all. In one case a negative phosphorus 
balance has been observed. At 5 and 10 per cent levels of protein intake, both 
calcium and phosphorus are better utilized. The effect is very marked, especially 
in the case of phosphorus. The phosphorus retentions at 5 and 10 per cent levels 
of protein are 19‘0 and 37T per cent respectively while the corresponding figures 
for calcium are 38‘2 and 42‘5 per cent respectively. At a level of 15 per cent 
protein the percentages of calcium and phosphorus utilization are 50’8 and 50'6 
respectively. These data, therefore, point out that for maximal calcium and 
phosphorus utilization, in addition to other beneficial dietary conditions, sufficient 
intake of protein must be ensured in the diet. 

In the above experiments the beneficial response to higher protein intakes 
has been found to be very much more in the case of phosphorus than in the case 
of calcium. This differential response may perhaps be e.xplained by the physiolog- 
ical interrelationships between phosphorus and protein metaliolism. It is known 
that during times of protein deprivation the normal catabolic changes continue to 
take place resulting in the degradation of tissue proteins, especially those of the 
muscle. These proteins are specially rich in phosphorus. Hence, during the 
process of tissue breakdown, phosphorus is also catabolized and is voided. This 
fact, therefore, explains why phosphorus absorption responds better to higher 
protein intakes. ° 

When egg-white protein is substituted by an equal amount of gelatin— a 
nutritionally inferior protein— it is seen that the percentage utilization of both 
calcium and phosphorus is decreased. A similar thing hapjiens when a complete 
protein is replaced by a single ammo acid like glycine. This shows that for efficient 
calcium utilization, not only should a sufficient intake of protein be ensured but also 
that the protein should contain all the essential amino acids. This obsen-ation raises 
the question as to whether the beneficial effect of protein in the diet on calcium 
and phosphorus utilization is solely due to the increased solubility of calcium .salts 
in the amino acids provided by the protein as shown by the experiments of JIcCance 
cl al (loc. cit.) and Lehmaim and' Poliak (1912). Other hitherto unrecognized 
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ph.5’’siological interrelationships of the metabolism of protein, calcium and phos- 
phorus might provide an explanation. 


Summary. 

Both calcium and phosphorus are better utilized on a high protein diet than 
on a low protein diet. Under the conditions of the above experiment -there was 
a more marked effect on phos^jhorus utilization than oi; that of calcium. It has 
also been observed that the protein in the diet should contain all the essential 
amino acids so as to enhance the efficiency of calcium and phosjdiorus utilization. 
The ph3’’siological significance of tlie observed data has also been discussed. 
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effect of temperature on the growth of 

FISH SPOILAGE BACTERIA.* 

BY 

E. VENKATARAMAN, m.sc., 

Fish Preservation Officer, Fisheries Technological Station, Calicut. 

[Received for publication, August 24, 1948.] 

It has been known for many years that fish should be kept frozen in cold 
storage to remain fresh. A number of workers have studied the bacteriological 
basis for this fact. Hess (1933, 1934) showed that bacterial decomposition of fish 
at 30°F. was only half as rapid as that at This demonstrated the possibility 

of holding fish at 30°F. in cold storage instead of in melting ice. (Fish will not 
freeze at 30°F.). Stewart (1932, 1933, 1934) showed that fish spoilage bacteria 
dropped in numbers at — 12°C. and — 6°C. rapidlyat first, then gradually. At — 2°C. 
a drop occurred at first, then the numbers *rose until the fish spoiled. Gibbons 
(1934) examined bacteriologically frozen blocks of fish after varying periods of 
storage at — 5°C. to — 18°C. for a year. Total bacterial counts showed that after 
a decrease due to freezing there was an increase of psychrophilic organisms after 
fifty weeks. Bedford (1933) examined the temperature of groudh for various 
marine bacteria and found many grew at very low temperatures, but found their 
optimum at 20°C. to 25'’C. 


Experimental. 

The experiment herein reported was designed to determine the rate at which 
micro-organisms multiply in fish tissue at 21'’C., 0’5°C. and — 2°C. 

A specimen of ‘ orange rock fish ’ was brought to the laboratory from a boat 
which was landing its catch. A representative sample of slime was collected from 
the surface of the fish in a sterile test-tube. The fish was quite fresh at the time 
it was brought to the laboratorj'. 

In order to get rid of surface contamination on the outside of the fish, the 
skin was swabbed with alcohol, then flamed uutfl slightly charred. Skin and scales 
were removed aseptically. 


* Published with the kind permission of the Director of Industries and Commerce, Madras. 
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Ejfect of T emfevaiuro on Fish Sjjoilage Bacteria. 

One pound of flesh Tvas removed asepticallj’- and this was transferred to two’ 
sterile Waring blendors. To each of these was added 225 c.c. of sterile sea-water 
and the mixture w^as well minced. During the process of blending 25 c.c. of slime 
was added to the mixture by means of a sterile pipette. The blending was carried 
out for 5 minutes and then the mixture transferred to sterile bottles. 

Original plate counts were made and the bottles containing the minced flesh 
were stored at 37°C., 21 °C., 0‘5°C. and — 2°C. Periodic counts w'ere made thereafter 
until the flesh was judged spoiled by its odour. The diluent for the platings was 
autoclaved sea-water and the medium w'as nutrient agar made up with sea-water. 
Platings were made in quadruplicate and duplicates were incubated at 21 °C. and 
37°C. The counting was made after six days’ incubation. 

A numbe;’ of these organisms growdng on these plates were identified to the 
genus by determining Gram-stain, morphology of colony and motility. 


Results. 

The results are showm in Graphs 1 to 4. 

Graph 1 shoAvs the curve obtained at 37 °C. incubation. The growth of 
bacteria to start with is slow" and the lag phase lasts for about eight hours after 
W'hich there is a sudden increase in the count. The logarithmic growth phase 
extends over a period of eight hours after which the number begins to fall and at 
the end of 24 hours the flesh begins to smell putrid. It is concluded that the fish, 
once it is out of W"ater, can hardly be kept for twelve hours in good condition at a 
temperature of 37°C. 

Graph 2 shows the curve obtained at 21 °C. incubation. The lag phase is 
prolonged and it lasts for about 1 6 hours. During this period there is a very gradual 
rise in the count, but the actual logarithmic growdh sets in after about twenty- 
eight hours. This phase is very short, lasting about twelve hours when the 
maximum count is obtained and the muscle undergoes rapid deterioration during 
this phase. After 40 hours the muscle begins to leave a putrid smell. Fish at 
21°0. W'ill be in an inedible condition after about twenty-four hours. 

Graph 3 show"s the curve obtained at 0'5°C. The muscle at this temperature 
does not freeze. There is no initial fall in numbers. The lag phase lasts for over six 
days during which period the flesh of the muscle has a fishy odour. On the seventh 
day there is an increase in the count and the logarithmic growdh phase sets in. 
From this period onw^ards there is a very rapid rise in the count and the muscle 
undergoes very rapid deterioration and on the tw^elfth day the count is in billions. 
At the temperature of D'h^C., which may be taken as the temperature in the fish 
hold, the fish can be kept in good condition for eight days. 

Graph 4 shows the curve obtained at — 2°C. This w"as the most interesting 
phase of the work. It was found that there was an initial fall in numbers. The 
muscle was frozen solid after ten hours’ incubation. This initial fall continued 
until the eighth day after which the counts began to rise gradually. In other 
words the lag phase lasted eight days during which period there was a slight fall 
in initial numbers. The gradual increase continued until the twenty-eighth day 



Logarithm of number of bacteria per gramme of muscle. 


R. yenhataraman. 


93 


Geaph 1. 

Muscle at 37°C. 



Logarithm of number of bacteria per gramme of muscle. 
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Effect of Temperature on Fish Spoilage Bacteria. 


Graph 2. 


Mmde at 21 °C. 





*^**scie. 


n. 




^^'dmah. 
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98 : Effect of Temperature on Fish Spoilage Bacteria. 

The following genera were recorded : — ' 




37'‘C. 

21T. 

o-r>°c. 

— 2“C. 

Microroccuss 


n 

a 

a 

a 

Sarchia 


— 

1) 

— 

— 

Pseudomonas 


— 

b 

b 

a 

Achromobacler 


n 

b 

b 

— 

Flavoharlerium 


— 

n 

b 

b 

Bacillus 

... 


_ 

— 

— 

Serratia 

... 



n 


— 

Kurth ia 




b 

— 


a = Abmiflant. b = Less abundant. — = Absent. 


It will be seen from the above data that there is a variation in the microbial 
flora at these different temperatimes. While micrococcus is present at all the tem- 
peratures of incubation, other genera are totally absent. Pseudomouas was never 
met with at 37°C. incubation, while at 21 °C. there were a few and at 0‘5°C./ 
and — 2°C. it was the most predominant. Serratia was absent at 37°C., met with 
at 21°C. and a few at 0"5°C., and absent at — 2°C. Knrlhia was met with only in 
one instance and that was at 0'5°C. Bacillus was met with only at 37°C. 
Achromobacler was found in abundance at 37°C.. 21 °C. and 0'5°C. but totally 
absent at — 2°C. In fact only tvm genera were represented at — 2°C., namely, 
micrococcus and qjseudomonas. This incidentally furnishes us the optimum tem- 
perature of growtli of some of these organisms, wliich also accounts for the rapid or 
slow spoilage of the muscle at the varying temperatures. 


Discussion. 

There is considerable increase in the lag phase between the temjieratures of 
0'5°C. and — 2°C.' This increase is due to the freezing of the muscle tissue at the 
temperature of — 2°C. This temperature, however, is not lethal to the bacteria. 
It takes them some time to' adapt themselves to the' new environment, which is 
about ten days in the present experiment after which the,y begin to multiply 
irradually. Once multiplication starts, there is a steady rise in numbers. 

The temperature of — 2°C. can be used where storage for- not more than 30 
days are required. It must, however, be liorne in mind that at this temperature 
bacterial growth does not cease and one ought to be extremely careful in using this 

temperature for e. _ 
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Stjmmary. 

1. Fish muscle undergoes rapid deterioration at 37°C. and 21°C. and gets 
putrid in a period of sixteen and forty hours respectively. 

2. Muscle at 0‘5°C. has an extended lag phase and is in good condition for 
eight to ten days. 

3. Muscle at — 2°C. is in excellent condition for nearly thirty days. 

4. There is a variation in the microbial flora growing at these different 
temperatures. 


Bedford, R. H. (1933) 
Gibboxs, N. E. (1934) 
^Griffiths, E. P. (1937) 
♦Haines, R. B. (1934) 
Hess, E. (1933) 

Idem (1934) 

♦Shew AN, J. M. (1942) 

♦ Idem (1944) 
SteiVart, JI. (1932) 

Idem (1933) 

Idem (l934) 
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STUDY OF THE MECHANISM OF BIOSYNTHESIS OF 
ASCORBIC ACID DURING GERMINATION. 

BY 

H. N. DE. 

AND 

S. C. BAEAL 

{From the Biochemical Laboratory, Dacca University, Dacca.) 
[Beoeired for publication, September 15, 1948.] 


Introduction. 

In many parts of India germinated pulses are used as common articles of food. 
That a large amount of ascorbic acid is produced in pulses during germination 
has been sEon-n by Guha and Ghosh (1934), Ahmad (1935), Rudra (1938), Ahmad 
and Muthana (1940), Bhagvat and Rao (1942), Fa and Roy (1944), and others. 

The nature of the precursor required for the synthesis of ascorbic acid in plant 
and animal tissues has been studied by Ray (1934) and Guha and Ghosh (1934a, 
1935, 1936). The effect of certain physical and chemical agents has also been 
studied but the results obtained show great discrepancy. Moreover, most of the 
prerdous works have been conducted by Tillman’s titration method which does not 
give accurate results in micro-determination. The newly devised photo-electric 
method is more accurate and reliable than the ordinary titration method in this 
respect and it was, therefore, felt that the re-investigation of the biosynthesis of 
ascorbic acid by the newly devised method and the study of the effects of different 
physical and chemical agents on the production of this acid during germination may 
give some idea as to the possible mechanism of biosynthesis of tins acid. 


Experimental. 

Dry legumes were washed with re-distilled water and soaked in solution used 
for germination, for 6 to 12 hours. After the soaking was complete, thev were 
scattered on ashless filter-paper sterilized in Petri-dishes and covered with glass- 
lid to prevent evaporation. The dishes were, ulaced on a t.able. near a trifiBn-CT- 
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facing north. For germination in the dark, tlie Petri-dishes were kept in a wooden 
box painted black inside and outside, and liaviug a zigzag outlet for the circulation 
of the air. The dishes of each set of exijeriments were subjected to identical con- 
ditions of temperature and illumination. The seeds were kept moist during ger- 
mination by frequent addition of the solution. 

Comjyosition of the solution of the culture medium, used. — In certain experiments, 
Khoop’s solution was used in medium of gelatin, agar agar and sand. Knoop’s 
solution contained ; — 


Calcium nitrate ... ... ... ... 0’8 g. 

Potassium nitrate ... ... ... ... 0'3 g. 

Potassium di-hydrogen phosphate ... ... ... 0'2 g. 

Magnesium sulphate ... ... ... ... 0'2 g. 

Ferric phosphate ... ... ... ... Trace. 

Water (re-distilled) ... ... ... ... lO.OOO c.c. 


Method of analysis. — One per cent metajdiosplioric acid solution was used as 
the extracting liquid and ascorbic acid was estimated with 2 ; 6 di-chlorophenol 
indo-phenol by means of Klett Summerson photo-electric colorimeter by the 
modified method of Loeffler and Pouting (1942) with filter 520. The calibration 
factor was determined with solutions of ])ure synthetic ascorbic acid in freshly 
prepared 1 per cent metaphosphoric acid solution. Dehydxo-ascorbic acid was 
estimated after reduction with H^S and tlie removal of the extra HoS ndtli CO^ 
or ISr 2 according to the technique of Harris and Oliver (1942). 


Pesults and discussion. 

Effect of germination period on ascorhic acid synthesis. — Pea {Pisum sativum), 
mung {Phaseolus radiatus), cowpea {Yigna catiang) and kalai (Phaseolus niungo) 
were germinated with distilled water in diffused light and in darkness at room 
temperature and their vitamin C contents were estimated every day. This experi- 
ment was conducted for a period of eight days. It vdll be observed from the data 
presented in Table I that the vitamin C contents of the dry pea and mung are 
8'75 mg. and 11 ‘25 mg. respectively per 100 g. dry weight, whereas those of cowpea 
and kalai are nil. As the period of germination increased the ascorbic-acid content 
also increased until it reached a maximum on the 3rd day in the case of. pea 
and kalai and on the 5th and 6th days in case of mung and cowpea respectively 
both in light . and darkness. The maximum ascorbic-acid value of pea was found 
to be 25 mg. in light and 25'5 mg. in dark, of mung 62'5 mg. in light and 
60 mg. in dark, of cowpea 54 mg. in light and 53 mg. in dark and of kalai 
.40 mg. in light and 42 mg. in dark per 100 g. dry basis. After reaching a maxi- 
mum value the ascorbic-acid content showed a. sudden fall and thereafter began 
to decline keeping a lower but a constant value. Ray {loc. cit.) working with 
pea seedlings and Fa and Roy {loc. cit.) working with soya bean observed 
similar fall in ascorbic-acid values after a peak. 


Effect op .light. 

Table I shows that there is no significant difference in the synthesis of ascorbic 
acid in diffused light and in darkness. This indicates that light does not play any 
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direct role in the biosynthesis of ascorbic acid in gerinhiating legumes. Eoy, 
Bose and Guha (1944) working with soya bean and ‘ kancha mung ’ observed an 
increase in the content of the indophenol-reducing substance similar to ascorbic 
acid on exposure to sun and ultra-violet light, but as a result of bioassay, they have 
shown that the substance produced under the stimulation of sun and ultra-^’iolet 
light is not identical with ascorbic acid. The reducing substance produced under 
darkness was found to be mostly ascorbic acid. Many other workers have observed 
similar increase in the indophenol-reducing substance in plants and fruits under 
the i nfl uence of direct sunlight but that this increase is not directly related to 
photosynthesis will be evident from other experiments reported in this paper. 


Table I. 

Ascorbic-acid sijnthesis in germinaling legumes. 


(The ascorbic-acid values are expressed in mg. per 100 g. dry weight.) 





Periods or cermik.^tiox expressed 

IN HOUBS : 


Name of the 

Germinated 










legume. 

in : 

1 0 

24 

48 

72 

96 

120 

1 144 

1 

j 168 

192 

f 

Light 

! 

8'7u 

10-20 ' 

! 21-25 

2.j-0 

! 12-5 

I 

11-25 

i 11-0 

10-5 

10-0 

Pea ...\ 



1 







\ 

Dark 

8■^5 

lG-25 

1 

j 20-0 

25‘3 

12-5 

12-0 

^ 10-5 

10-0 

9-0 

Mung ...| 

Light 

11-25 

25-0 

43-75 

48-0 i 

1 ! 

54-0 

62-0 

t 

35-0 

32-0 

32-0 

Dark 

11-25 

25-0 j 

42-5 

49'0 i 

1 

53-0 

CO-0 

36-0 

34-0 

32-0 

Cowpea ... 1 

Light 

Dark 

1 yu. 

1 

1 

o'O 1 

27-5 

37*5 1 

1 

48-0 

53-0 

54-0 

32-0 

30-0 

XU. 

5-0 

27-5 

370 1 

! ; 

49-0 

52-0 

530 

31-0 

31-0 

Kalai ... [ 

1 

Light 

XU. 

7 '5 1 

1 

1 

! 27 0 

■wo 1 

20-0 

19-5 

18-0 

17*5 

16-0 

1 

Dark 

, XU. 

7*5 1 

2fi-.5 

■!20 

! 

21-0 

19*0 ' 

1 

lS-0 

17-0 

17-0 


Role op CHLononiYLL ox the biosyxtiiesis of ascorbic acid. 

In the above e.xperiment it was observed that the seeds germinated in darkness 
were white in colour, whereas those germinated in diffused light were green in 
cplour. As the ascorbic-acid contents in the two stages of germination were almost 
similar, it may. therefore, be interpreted that chlorophyll does not play any direct 
role on ascorbic-acid synthesis. This independence of ascorbic-acid synthesis 
and the presence of chioro]ihyII_v-as also oliservcd by Giroud ct al (1931), Random 
(i al. (1935) and Reid (1937) in their experiments with growing plants. "Weber 
(1910) showed that the seedlings of various species grown at a low temperature 
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are inhibited in the production of chlorophyll but the ascorbic-acid content was 
higher than those kept at ordinary temperature and in light. The present in- 
vestigation confirms the earlier findings of other workers that for the biosynthesis 
of ascorbic acid the presence of chlorophyll is not required. 

DeHYDEO-ASCORBIC acid content of germinating LEOUME.S. 

In our previous experiments it was .shown that as the period of germination 
proceeded the ascoihic-acid contents suddenly declined after reaching a maximum 
value. In order to ascertain whether this sudden fall in the values was due to the 
conversion of the ascorbic acid to the dehydro stage, fresli samples of mung and 
cowpea were germinated both in light and darkne.ss for a period of 120 hours 
according to the technique employed in the previous experiment and their ascorbic- 
acid and dehydro-ascorbic acid contents were estimated every 24 hours. The 
results of the ex])eriment are presented in Table 11 from w'hich it will be observed 
that at the early stage of germination the dehydro-ascorbic acid was not present 
in a measurable quantity but in the later period wlien the ascorbic-acid content 

Table II. 

Ascorhic-acid and dehydro-ascorbic acid contents of germinated legumes. 


(Values expressed as mg./lOO g. dry weight.) 


Name of legume. 

Period of 
germination 
in hours. 

Liciit. 

Dark. 

A.A. 

D.-A.A. 

A.A. 

b.-A.A. 



■ 

0 

10-0 

0-0 

10-0 

0-0 




24 

22-5 

o-o 

22-0 

0-0 




48 

41-0 

1-0 

41-5 

PO 

Mung 

...•i 










72 

40-0 

1-0 

40-O 

1-0 

‘ 



96 

22-0 

1-5 

23-0 

2-0 




120 

21-0 

2-0 

22-0 

2-0 




0 

0-0 

0-0 

0-0 

0-0 . 




24 

7-0 

0-0 

7-2 • 

0-0 




48 

29-0 

6-0 

28-0 

O'O 

Cowpea 

...■! 


72 

.38-0 

I-O 

39-0 

1-0 




96 

62'o 

1-0 

32-0 

1-0 



. 

120 

300 

2-0 

31-0 

2-0 


A.A. and D.-A.A. denote ascorbic acid and debydro-ascorbic acid respectively. 
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■vras declining a small amount of the former could be' detected. It is e'vudent from 
these results that the sudden decline in the ascorbic-acid content during the 
process of germination is not due to conversion of this acid to the dehydro stage. 

Distribution op ascorbic acid in cotyledon and embryo. 

In our previous experiment it has been shown that light and chlorophyll do 
not play any role in the s 3 mthesis of ascorbic acid Perhaps this synthesis depends 
on some precursors of carboh}'’drate nature furnished by the reserves of the seed. 
In order to get some inf ormation in this matter, fresh batches of cowpea, pea, mung 
and kalai seeds were germinated for a period of six days and after every 24 hours 
the embryos and cotyledons were separated and their ascorbic-acid content 
measured.- It svill be observed from Table III that the ascorbic-acid content of 
the cotyledons and embryos of the four pulses after first 24 hours’ germination is 
between 60 to 70 per cent and 30 to 40 per cent respectively. As germination 
proceeded the value in the cotyledons began to decline and reached the limit of 
17 to 27 '5 per cent in 144 hours and that of the embryos began to increase and 
reached the limit of 74‘5 to 83 per cent in the same period. This shows that at the 
initial stage the ascorbic acid, is S 3 mthe.sized from some precursors in the cotyledon 
for the development of the embryos which require ascorbic acid at their earty stages 
and at the later stages these embryos can S3'nthesize this compound on their own. 
Bhagvat and Eao (loc. cit.) also found similar results in their study on vitamin C 
produced in the different grains during the process of germination. 


Table III. 


Ascorbic acid of llic cotyledon and embryo ex’prcsscd as perccntayc of (he 
total amount synthesized in the seed. 


Period of 
germinntion 
in hours. 

OoWi’EA. ! 

1 

Mung. j 

1 

Pea. 

Kaeai. 

c 

E 

c 

E 

1 1 
: C 1 

1 

1 

■ E 

C 

E 

24 

ei-.n 

32-5 

05-0 

35-0 

60-5 

39-5 

! 58*5 

41-5 

48 

55*") 

44-.-. 

48-0 

520 

45-0 

55*0 

41-0 

590 

72 

43-0 

57 '0 

35-0 

650 

32-0 

68-0 

1 

1 30-0 

70-0 

on 

33-0 

07 -0 

29-0 

710 

25-0 

75-0 

23-0 

77-0 

120 

30-0 

700 

22-0 

780 

21-0 

79'0 

200 

80-0 

144 

2.S-.'i 

74-5 

200 

800 

19-0 

81-0 

j 17*0 

83 0 


C nnd E denote cotyledon and emlirvo respectivelv. 
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Influence of the seed coat on the synthesis of ascorbic acid 

. IN OERMINATING LEGUiMES. 

Cowpea and niung were germinated, some with seed coat intact and others 
without seed coat. Table IV shows that there is no significant difference in the 
ascorbic-acid content in the earlier period of germination but in tlie later periods, 
i.e. on the 6th and 6th days of germination, the ascorbic-acid content of the seed 
germinated without coat was somewhat lower than that of the legumes germinated 
with the coat. Altogether it may be said that the seed coat has no significant 
effect on the synthesis of ascorbic acid in the germinating seeds. 


Table IV. 

Influence of the seed coat on the synthesis of ascorbic acid in germinating legumes. 
(Values are expressed in mg. per 100 g. dry weight.) 


Name of tiic legume. 


PEUIOn or GEUMIXATION IX 

HOURS : 


24 

48 

I JO 

96 

120 

1 144 

f "With seed eoat 

Gowpen ... - 

[ ‘\I’itliout seed eoat ... 

G-0 

i 29-0 

1 ! 
1 

38-0 

55*0 

i 

i 

[ 34-0 

33'0 

0-0 : 


39-0 

54-0 

30-0 

25-0 

f With seed coat 

Mung ... - 

1 Witliout seed coat ... 

27-0 

i 

44*5, 

V 1 

49-0 

56'0 

C4-0 

3G'0 

27-5 



o5-0 

63-0 

30-0 


Role of trace elements on- (he biosynthesis of ascorbic acid in 
germinating legumes. 

Different batches of mung seeds were germinated in solutions containing 0, 10, 
100 and 1,000 p.p.in. of iron, copper and manganese as ferric nitrate, copper nitrate 
and manganese chloride (since manganese nitrate was not available, chloride was 
used) both in light and darkness and after 48 hours of germination their ascorbic- 
acid contents were estimated. Since the values of the wet weight, dry weight and 
the ascorbic-acid content of the legumes germinated in light as well as in dark- 
ness were almost of the same order, the results of light germination harm only been 
presented in Table V. It will be observed that in all three cases the ascorbic-acid 
synthesis is augmented up to a certain concentration of the solution above which 
it is retarded. The maximum ascorbic-acid synthesis was found near the con- 
centration of JO p.p.m. and the maximum values were found to be 59 mg., 65 mg. 
and 79 mg. per 100 g. dry weight respectively. By further investigation with 
concentrations of 5, 10 and 15 p.p.m. it was again found that the maximum 
ascorbic-acid synthesis takes place at the concentration of 10 p.p.m., although 
in case of manganese a slight tendency for further increase in the values was 
observed when tiie concentration was raised to 15 p.p.m. From the survey of the 
- data presented in Table V it is evident that manganese favours the ascorbic-acid 
synthesis best, then comes copper and then iron, in this respect. 
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Table V. 

Role of trace elements on the biosynthesis of ascorbic acid in many during 

germination in light. 



Concentration j 

Original 

IVet 

Dr3- 

Ascorbic acid 

Nature of the salt. 

in ! 

weight 

weight 

weight 

in mg./lOO g. 

p.p.m.* 

in g. 

in g. 

in g. 

drj* weight. 

Semes A ; 

i 



1-Gl 

43 

0 

O 

6*0 


10 

2 

c-s 

1-61 

50 

Ferric nitrate ... 

100 

2 

6 '.5 

1-7.5 

40-5 


! 1,000 

2 

G-0 

1-92 

30 


0 

2 

10-2 

1-75 

44 

Copper nitrate ... 

i 10 

2 

11-6 

l-Go 

65 

100 

<> 

10-0 

vri 

49 


1 1,000 

2 

7-0 

1-95 

24 


’! 0 

2 

8-2 

1-G2 

44 

Manganese chloride 

; 10 

2 

8'0 

1-GO 

TO 

100 

2 

1 

8-0 

1-GO 

73 


1 1,000 

2 

i 

7--1 

■ 1-G2 

01 

Series B ; 


1 

[ 






f 

1 o 


1-61 

55 

Ferric nitrate ... 

10 

1 

o 

12-0 

1-60 

61 


15 

1 

11-S 

1-60 

.58 


' 5 

1 (> 

11-8 

1-G2 

61 

Copper nitrate ... 

10 

\ o 

12*0 

1-61 

66 


15 

' o 

1 

12-0 

1-GO 

65 


.G 

t 2 

ll-.l 

1-61 

74 

Manganese chloride 

10 

i ? 

120 

l-GO 

SO 


2 12-2 IGO se 


* Rpfciv to the coiiceutrationfi of iron, copper ami manganese ns ferric nitrate, copper nitrate ami 
manganese chloride. ^ 
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The importance of manganese in the biosj’-nthesis of ascorbic acid in 
both ])Iant and animal kingdom has been indicated by many \rorkers by 
observing its accelerating effect and correlation on the production of the 
above acid (Riidra, 1938, 1939, 1939ffl ; Hester, 194:1). In the present investi- 
gation similar accelerating effect on the biosyntliesis of ascorbic acid was 
produced bv iron and copper salts also, although to a le.sser extent. So in the 
light of these observations manganese cannot be regarded as the only element 
to act as a catalyser as postulated by Rudra and others {loc. cit.). The 
ascorbic acid oT plant and seed depends not only on the manganese content of 
the soil but also on other essential elements present therein. It is also interest- 
ing to note here that copper which catalyses the destruction of ascorbic 
acid in in vitro experiments helps in its production when present in soil 
or plant. 


Effect of different sugars on the biosynthesis of 

ASCORBIC ACID. 

Cowpea embryo seedlings ten in number were separated from the cotyledons 
after eight hours of soaking in distilled water and then cultured separately both 
in light and darkness with 5 per cent solutions of glucose, fructose, galactose and 
sucrose and with 0'05. 2'5 and 5 per cent solutions of mannose in Knoop’s solution 
in a medium of (a) 20 per cent gelatin, (b) 1 per cent agar agar and (c) acid-washed 
white sand, and their wet weight and ascorbic-acid content were measured after 
four days according to the technique followed by Ray (loc. cit.) with some modi- 
fications. One set of cowpea seedlings were allowed to grow along with cotyledons 
in a medium containing 20 per cent gelatin and separated after incubation period 
of four days. As the wet weight and the ascorbic-acid content of the seedlings 
cultured in different sugars were the same both in light and darkness, the values 
of those cultured in the dark have, therefore, been omitted. The results presented 
in Table VI show that the -jsdlings grown in nutrient cultures with different 
sugars produced considciing y higher amount of ascorbic acid than those grown 
in cultures without sug{h'.s. The ascorbic-acid content of the seedlings grown in 
sucrose, glucose, fructose and galactose was almost of the same order, whereas 
those grown in mannose showed higher values. Small concentration as 0‘05 per 
cent mannose solution produced greater amount of ascorbic acid than 5 per cent 
solutions of other sugars studied here. So mannose may be regarded as_ the 
most efficient of the five sugars under investigation in favouring biosynthesis of 
ascorbic acid. 


It was also found that seedlings excised after eight hours and grown in nutrient 
solution without any sugar showed maximum growth but least ascorbic-acid 
content, whereas those grown in a medium containing 5 per cent mannose solution 
showed minimum growth but maximum ascorbic-acid content. It was also further 
observed that as the concentration of the mannose solution in the medium decreased 
the ascorbic-acid content decreased in a similar manner but the growth increased. 
Although mannose favours the ascorbic-acid synthesis, it inhibits the growth to 
a gii^t extent. 
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Tablk VI. 

Effect of different sugars on the synthesis of ascorbic acid in cotopea seedlings 
during germination in light. 


NAME OF THE CULTURE MEDIUiM : 


Name of sugar added. 

20 TER CENT 

gelatin. 

1 PER CENT 

AOAR AGAR. 

' White sand. 

Wet 
weight 
in g. 

Ascorbic 
acid in 
mg./lOO g. 
wet 

weight. 

Wet 
weight 
in g. 

Ascorbic 
acid in 
mg./lOO g. 
wet 

weight. 

Wet 
weight 
in g. 

Aecorbic 
acid in 
mg./lOO g. 
wet 

weight. 

Nil ... 

0-38 

2-4 

0-6 

4-8 

0-66 

2-4 

Qluooae (6 per cent) 

0-22 

310 

0-42 

35-0 

0-32 

30ff 

Fructose (6 per cent) 

0-27 

46-0 

0-46 

44-0 

0*47 

44-0 

Galaotofle (G per cent) 

0-28 

34-0 

0-48 

34-0 

0'4P 

36'0 

Sucrose (G per cent) 

0-26 

420 

0-40 

41-0 • 

0-36 

42'0 

Mannose (6 per cent) 

0-16 

72-0 

0-31 

66-0 

0-20 

68-0 

Mannose (2'G per cent) 

0'18 

60-0 

0-32 

64'0 

0'29 

63-0 

Mannose (O'OG per cent) 

0-22 

44-0 

0-41 

45-0 

0-43 

43-0 

Naturally groTvn embryos* ... 

1-8 

86'0 

1 

1 

... , ... 




* Embryos grown along yvith the cotyledons for four days in the medium without any suear and 
then exoised. 


It tras also interesting to note that the embryos allowed to grow along with 
the cotyledons in gelatin medium without any sugar and then e.xcised after incuba- 
tion period of four days, showed higher concentration of ascorbic acid than those 
u Inch were separated from the cotyledons after eight hours and then cultured for 
tour days in the same medium. The present obsen’-ations are in contradiction to 

observed similar concentration of ascorbic acid in both 
cases, lower value of ascorbic acid of the embryos separated after eight hours 
IS probably due to ^ the ^ fact that cotyledon furnishes some sugars which act as 
precursors for ascorbic-acid synthesis, and when the embryos were separated from 
tbe cotyledons at the early stage of germination after eight hours, sufficient quantity 
tlie precursor sugars could not be transformed to ascorbic acid and only a small 
portion of the ascorbic acid thus synthesized from precursor susar of cotyledon 
IS transferred to the embryos during this small period of eisht hours’ germination 
Although the embryos separated from the cotyledons after “eight hours of soakin«^ 
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do not contain large store of aseor])ic acid witliin but they possess tlie capacity 
to synthesize this acid from different sugars as mannose, glucose, fructose, galactose 
and sucrose, as is evident from the data presented in Table VI. 

It has previousl}'- been .re])orted that both in^ light and darkness the growth 
of the seedlings was almost the same and this shows that the groudh can take place 
even in the absence of light and chlorophyll. In such cases ascorbic acid seems 
to play some definite role in the development of the seedlings. It may be postulated 
that growth proceeds at the expense of ascorbic acid, the production of which, on 
the other hand, depends on the reserve of the precursor sugars present in the 
cotyledon and is independent of light and chlorophyll as discussed above. 

Summary. 

] . On germination ascorliic acid is abundantly synthesized in legumes, such 
as pea, cowpea, mung and kalai. The value reaches the juaximum on the third 
to sixth days of germination, then suddenly decreases and keeps lower but constant 
for further two to five days. 

2. Chloroph^yll and the seed coat do not seem to have any influence on the 
biosynthesis of ascorbic acid in germinating legumes. 

3. Dehydro-ascorbic acicb content of the dry and germinated legumes was 
found to be negligible. 

4. In the earlier stage of germination most of the ascorbic acid was found 
in the cotyledon but as the germination proceeded a major portion was foimd in 
the seedlings. 

5. Solutions of copper nitrate, iron nitrate and manganese chloride were 
found to augment the biosynthe.sis of ascorbic acid in germinating mung, and 
maximum value was obtained when the concentration of iron, copper or manganese 
were in the region of 10 p.p.m. 

6. Study of the biosynthesis of ascorbic acid in growing cowpea embryos 
cultured in different sugars in both light and darkness shoAvs that mannose is one of 
the best precursors of ascorbic-acid synthesis. An inverse relationship between 
the ascorbic-acid content and the growth was observed wben the embryos were 
cultured in mannose solution of varying strength. 

7. Light does not seem to play a direct role on the biosynthesis of ascorbic 

acid. 
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It is ■well kno-^vn that the liver is almost invariably enlarged in kala-azar, though 
this per se does not mean that there is any hepatic dysfunction. The pathological 
changes that occur in the liver, viz. parasitization and marked proliferation of the 
Knpffer cells that lead to a marked alteration of the pattern of the hepatic lohule, 
variable degrees of fatty degeneration of the parenchyma cells, increase of 
the connective tissue in the late stages, vascular engorgement to a variable degree, 
etc., however, show that the liver is markedly involved in the disease process of 
visceral leishmaniasis. The hepatic function tests that have been carried out in 
kala-azar in the past, viz. lajrnilose-tolerance test (Napier and Sharma, 1933), Takata- 
Ara test (Pai, 194:1 ; Chaudhuri and Rai Chaudhuri, 1943), the van den Berghtest 
(Napier, loc. cit.) and the changes in the plasma-proteins have also indicated the 
probability of hepatic dysfunction in kala-azar. 

In our study of the hepatic function in kala-azar the following six tests were 
selected : (intravenous) hippuric-acid synthesis test, prothrombin-time estimation, 
van den Bergh test, serum-colloidal gold reaction, Takata-Ara test and the study 
of the serum-proteins. The hippuric-acid test, the estimation of plasma-bilirubin 
and serum-proteins and the colloidal-gold test were selected for study following the 
suggestions of Mateer et al. (1943), Higgins el al. (1944) and Maclagan (1944, 1944a), 
who have shown the efficiency of these tests in the diagnosis of hepatic disorder 
by comparison with normal controls and other diseases. The other two tests were 
selected because they were thought to be particularly suitable for the study of the 
hepatic function in this disease. The estimation of prothrombin trae is reprded 
as a very sensitive liver-function test (Beaumont and Dodds, 1944) and it was 
carried out in the expectation that it might throw some light on the hremorrhagic 
tendency in kala-azar as well. The Takata-Ara test depends on the alterations 
in the plasma-proteins which are known to occur in kala-azar. In all the cases 
investigated the clinical diagnosis of kala-azar was confirmed by finding the parasite 
and/or the aldehyde and the complement-fixation tests. 

The hippuric-acid synthesis test . — ^This test was carried out according to the 
method of Quick el al. (1938), and the solution of sodium benzoate adnjinistered 
intravenously. The one-hour sample of urine was tested for the quantity of 
hippuric acid present according to the method of Quick (1933) or Weichselbaum 
and Probstein (1939). Table I shows the results obtained in a series of 55 cases 


Table I. 


Amount of hippuric 
acid c-xcreted in g. 

Number of 
caBes. 

O'OO to 0-1 

3 

0-11 to 0-2 

13 

0-21 to 0-3 

2 

0-31 to 0-4 

10 

0-41 to 0-5 

3 

0-51 to 0-6 

2 

0-61 to 0-7 

11 

0-71 to 0-8 

6 

0-81 to 0-9 

4 

0-91 to 1-0 

1 
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It -will be seen from Protocol 1 that 39 out of 55 cases showed lowered excretion 
of hippuric acid, i.e. 70'9 per cent of the cases showed positive reaction with this 
test (hippuric-acid excretion below 0‘7 g.)- 

The importance of the body-size and its relation to the amount of excretion 
of hippuric acid has recently been studied by Scmry and Field (1943). They found 
that a definite correlation exists between the hippuric-acid excretion and the body- 
size as judged by the body-weight or the body-surface, the correlation being almost 
identical for the two factors. They analysed the data statistically and arrived 
at the following tentative formula for the prediction of normal excretion : — • 

Hippuric acid in g. = 0‘34 plus (0'00668 X weight in lb.) 

= (0'837 X body-surface in sq. metres) — 0T63. 

They obtained results between 72-8 and 125 per cent of the predicted amount 
in normal cases and contend that 70 per cent is the border-line of normal excretion 
except in children and very old people. In the present series the results obtained 
according to. this formula in relation to the body-weight have been expressed 
as the percentage of calculated normal excretion in Table II, Graph 1 and 
Protocol I. 


Table II. 


Per cent of normal 
excretion. 

Number of 
cases. 

0 

to 

10 

1 

11 

to 

20 

10 

21 

to 

30 

6 

31 

to 

40 

4 

41 

to 

50 

7 

61 

to 

GO 

3 

01 

to 

70 

3 

71 

to 

so 

0 

SI 

to 

00 

10 

ill 

to 

100 

o 

101 

to 

no 

1 
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Graph 1. 



Excretion of hippuric acid (as % of normal). 

Hippuric-acid excretion in kala-azar (Quick’s intravenous method). 


Accortling to this formula 33 out of 53 patients, i.e. 62'3 per cent, showed 
excretion below 70 per cent of the predicted normal and, therefore, showed signs 
of hepatic dj'^sfunction. 

In 18 out of 55 cases (32'7 per cent) no preci^jitate was obtained. Sherlock 
(1946) drew attention to the difficulty of obtaining a precipitate wffien the amount 
of hippuric acid excreted was very meagre and 17‘2 per cent of her cases did not 
show any precipitate at all. It appears probable that a higher percentage of our 
patients had pronounced hepatic damage, thus failing to excrete an amount that 
would give a precipitate. In Graph 1 the excretion in these cases -has been 
calculated from the volume of the urine since a fixed proportion of hippuric acid, 
0‘33 per cent in Quick’s method [loc. cit.) and O'l per cent in the Weichselbaum 
et al. {loc. cit.) method, always remains in solution and is not precipitated. The 
maximum that could be present has been taken for the Graphs and the Tables. 

It is well known that disturbances of renal function may affect the excretion 
of hippuric acid and thus interfere with the test. The renal factor has thus to be 
eliminated before a lowering of excretion of hippuric acid can be regarded as an 
evidence of hepatic dysfunction. The examination of the urine and the blood 
did not show any renal disease in any of our cases and follbwing Sherlock’s (loc. 
cit.) suggestion we did the urea-clearance test simultaneously with the hippuric- 
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acid test in 10 cases. The renal efficiency was normal; i.e. between 75 and 125 
per cent, in all cases except one and even in this case the amount of hippuric acid 
excreted was too low for the degree of renal inefficiency revealed by the urea- 
clearance test (see Protocol I). 

Prothrombin time and. the prothrombin index . — The prothrombin time was 
estimated according to the method described by Fullerton (1940). Napier and 
Das Gupta (1941) found that the normal figure for Indians was between 15 and 

25 seconds. The prothrombin index per cent, i.e. 

been calculated in the present series taking 20 seconds as the normal clotting 
time. 

The results and their evaluation.—kn analysis of the results obtained in-a series 
of 53 cases is given in Tables III and Ill-a : — 


Table III. 


Protlirombin time 
in seconds. 

Number of 
cases. 

16 to 20 

9 

21 to 25 ... 

17 

20 to 30 ... 

11 

31 to 35 ... 

10 

36 to 40 ... 

3 

41 to 45 ... 

1 

46 to 60 ... 

2 


Jloan and standard deviation 27 -4 ± 
7‘G seconds. 


Taking 25 seconds as the upper limit of normal, it is found that 27 out of 53 
cases, i.e. about 51 per cent of the cases, had prolonged prothrombin time (vide 
Graph 2 and Protocol II). 

Table Ill-a. 


Protlirombin index 
per cent. 


Number of 
cases. 


31 to 50 
51 to 70 
71 to 90 
91 to 110 
111 to 130 


4 

17 

15 

12 
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Graph 2, 



Time in seconds. 

Prothrombin time with Russell’s, viper venom 
in kala-azar (Fullerton’s method). 


" The normal prothromhin index is regarded as lying between 90 and 110 per cent 
(Illingworth, 1939). Thus, in 36 out of 53 cases, i.e. 67-9 per cent of the cases, 
there was prothrombin deficiency. Further, on correlating the prothrombin index 
with the type of cases of kala-azar it has been found that 5 out of 13 early cases 
(38-6 per cent) and 31 out of the 40 moderate and well-developed cases (77‘5 per 
cent) Wwed prothrombin deficiency. (Early case = splenic enlargement less 
than 2", moderate = spleen between 2" and 4", and well-developed case splenic 
enlargement more than 4" below the costal margin.) 

The mn den Bergh test and the bilirubin content of the plasma — "She qualitative 
and the quantitative van den Bergh test was performed according to the technique, 
described by Napier and Das Gupta {loc. cit.) in 64 cases. The reactions ditamed 
were as follows : Immediate direct reaction 4 cases, biphasic reaction 7 cases, 
delaved direct reaction 3 cases, indirect positive reaction 39 cases, and negative 
rnS rL^ion 11 cases (vide Graph 3.and Protocol II). 


The nlasma-bilirubin content of the entire series is shown in Graph 3. It 
will be se^en that out of the 64 cases 14 showed hyperbilirubinaemia (21-9 per cent) 
Taking 1 mg. per cent as the maximum normal figure for Indians according to 


V 



Number of cases. 
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Graph 3. 



Plasma-bilirubin in mg. per cent. 

Plasma-bilirubin in kala-azar. 
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Napier and Das Gupta (Jos. cit.). The percentage in an unselected series of cases 
would i^erhaps be somewhat lou'er, because usually the more seriously ill patients 
are admitted into the hospital. 

The serum-colloidal gold reaction . — ^This test was done according to the method 
of Maclagan (1944). In a number of cases phosphate buffer was used instead of 
the barbitone buffer. The results with the two buffers did not show any difference. 
The qualitative method was followed in all cases; and in 6 cases the quantitative 
method was followed as well. The results were read as follows: 5 — complete 
precipitation, supernatant fluid colourless ; 4 — pale-gi'ey blue ; 3 — blue ; 2 — 
reddish violet ; ] — bluish red ; and 0 — unchanged red. The results in 104 cases 
are shown in Table IV and Graph 4 ; — 


Table IV. 


Reaction ... 


4 

3 

t 

2 

i 


0 

Number of .cases 


16 

13 

1 ® 


2 

Percentage 


15-4 

12-5 

1 7-7 

i 




If the reactions 5 to 1 are regarded as positive, the percentage of positive 
reactions in kala-azar works out to be 98'1. The results of the quantitative tests 
are given below 


Case. 

Reaction. 

Remarks. 

A 

- 443210 



655555554100* 


0 

555555541000* 

' 

D 

654310 

On admission ; vdB — biphasic, 3 mg. per cent. 


543200 

After treatment ; vclB — 'ndirect, 1-25 mg. per cent. 

E 

555555 

Before treatment ; vdB — biphasic, 18 mg. per cent. 


555543 

After 5 injections ; vdB — indirect, C’6 mg. per cent. 

p 

555555 

A well-developed care, ro jaundice. 


* In these cases the test was done with serum dilutions from 1/CO, 1/120, 1/240 to 1/122,890 

using 12 tubes. This had to be done in order to find the end-point of the reaction. Maclagan (1944, 
1944a) reported that positive reactions are rare after the 4th tube ; but we obtained positive reactions 
up to the 10th tube in kala-azar. 
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It will be seen that paretic t^e of curve is obtained in kala-azar, and that 
too even in the absence of jaundice. 

On analysis of the clinical data relating to this series of cases it was found that • 
the reaction was positive in 94-1 per cent of the early cases, 96‘8 per cent of the 
moderate cases and 100 per cent of the well-developed cases. A 5 or 4 reaction 
was obtained in 52‘9 per cent of the early cases, 71'4 per cent of the moderate cases 
and 73‘8 per cent of the well-developed cases. 

The Tahata-Am test . — ^This test was carried out according to Crane’s modifica- 
tion of Jezler’s method (Crane, 1934). The criterion of positive reaction was the 
sarne as that of Kolmer and Boerner (1938). The results are given in Table V 
{vide also Graph 4) : — 

Table V. 


Reaction. 

Number of 
cases. 

Percentage. 

Strongly positive 

9 

8-4 

Modcratolv positive 

32 

29-9 

Positive 

48 

44-9 

Doubtful 

14 

13-1 

Negative 

4 

3-7 

Total 

107 

100-0 


On analysing the results according to the course of the disease, it has been 
found that in 75 per cent of the early cases, 82’9 per cent of the moderate cases 
and 89’4 per cent of the well-developed cases a positive reaction was obtained. 
In 5 cases the test was repeated after treatment. It was found that there was a 
tendency of the reaction to be less positive or doubtful, i.e. a shift to the right 
after treatment. 

Serum-froteins . — The serum-proteins were estimated by the micro-Kjeldahl 
method. In all, 40 cases were studied, and the results are summarized in Tables 
VI, VIT, VIII and IX, Protocol III and Graphs 5, 6, 7 and 8 : — 


Table VI. 


— Total protein in 
g. per cent. 

1 

Number of 
cases. 

4-1 to 6 

4 

6-1 to 6 

12 

6-1 to 7 

10 

7-1 to 8 

11 

8-1 to 9 

1 

9-1 to 10 

1 

10-1 to 11 

1 


Table VII. 


Albumin in 

Number of 

g. per cent. 

cases. 

1-1 to 2 

9 

2-1 to 3 

18 

3-1 to 4 ... 

10 

4-1 to 5 

3 

J 
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Table Till. Table IX. 


Globulin in 
g. per cent. 

Number of 
cases. 

Albumin : globulin 
ratio. 

1 Number of 
cases. 

1-1 to 2 

3 

O'OO (0.3 

^ 10 

2-1 to 3 

8 

0-51 to 1-0 

19 

3T to 4 

IG 

I-Ol to Iv 

8 

4T to 5 

7 

T-6I to 2'3 

1 

5-1 to 0 

5 

2-01 to 2-5 

O 

6-1 to 7 

0 



7T to 8 

1 




Graph 5. 



Total protein in g. per cent. Serum-albumin in g. per cent. 

Total Bcnim-protcin in kala-azar. . Scrum-albumin in fcala-azar. 


124 


Biochemical Investigations in Kala-azar. 


Gbapji 7. 



Serum-globulin in g. per cent. 

Serum-globulin in kala-azar. 


Graph 8. 
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A : G ratio. 

Albumin : globulin ratio in kala-azar. 


Table X. 



Total 

protein. 

Albumin. 

Globulin. 

Albuinin: 

globulin. 

Normal values, mean and s.d. (Higgins et ah, j 

7-1 

4-6 

2*2 

2-0 

loc. cih). j 

0-38 

0-29 

0-36 

Mean and B.d. of the 40 cases of kala-azar ... -? 

6-69 

2-81 

3-78 

i 0-86 

i 

1-25 

0-88 

1-20 

j 

Average values for 12 early cases 

6-3 

2-8 

3-5 

0-94 

Average values for 12 moderate cases ... 

6-7 

2-9 

3-8 

0-91 

Average values for 16 well-developed cases 

C-0 

2-7 

3-9 

0-7S 


Taking 6 g. to 8 g. of total protein, 4 g. to 5'5 g. of albumin and 1‘5 g. to 3 g. 
of globulin as the normal range, the proportion of normal and abnormal values 
are^^as shown in Table XI : — 
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High. 

J 

Nobmai.. 

Low. 

1 


Number. 

Per cent. 

i 

Number. | 

} 

Per cent. 

Number. 

Per cent. 

Total protein ... | 

3 

i 

! 7-5 

24 

60 1 

1 , 

13 

32-5 

Albamin 

0 

0 

6 

! 15 

34 

85 

Globulin 

29 

72-5 

10 

25 

1 ■ 

2-5 


It will be noted that hypo-albuniinfemia andliyper-globnlinseraia with lower- 
ing or reversal of the albumin : globulin ratio are the essential changes in the serum- 
proteins in kala-azar. As the disease progresses these changes become more 
marked. In the present series albumin content wasjowered in 85 per cent of cases 
and globulin raised in 72‘5 per cent and the albumin : globulin ratio was reduced 
(below T5) in 92'5 per cent. 

On attempting to correlate the protein changes with the degree of ancemia 
it was found that no such correlation existed in the average cases of kala-azar with 
moderate degree of anremia. In the three cases with grave anaemia, haemoglobin 
below 3‘6 per cent, it was, however, found that the total protein and albumin were 
low ; the globulin was increased in one, normal in one and reduced in one. It 
appears that in the presence of severe anajmia, while there is a very marked reduc- 
tion of the albumin fraction, the globulin is not increased to a high level. The 
number of cases with grave anaemia being only 3, this question cannot, however, 
be regarded as finally decided. 

Discussion. 

It has been shown above with the si.x tests of hepatic function that reactions 
indicative of hepatic damage occur in a high proportion of kala-azar cases. The 
hippuric-acid test was positive in 71 per cent of cases, the prothrombin index was 
below normal in 68 per cent, there was hypcr-bilirubinsemia in 22 per cent, the 
scrum-colloidal gold reaction was positive in 98 per cent, the Takata-Ara test was 
positive in S3 per cent, and significant alterations of the serum-proteins was obtained 
in about 90 per cent of the cases {hjqio-albuminaemia ^ per cent, Jowcrino- 
of albumin : globulin ratio 92-5 per cent). It has also been found that the 
frequency and the degree of positive reactions increase with the prof^ress of the 
disease. 

The six tests carried out indicate the status of widely different functions of 
the liver, and these can be placed under the following groups : (i) detoxicating 
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function, liippurin-acid test, (n) synthesis . of prothrombin, prothrorabin-time 
estimation, (m) pigmentary function, the van den Bergh test and the estimation 
of the bilirubin content, and {iv) the proteogenic function indicated by alteration 
in the serum-proteins, and the precipitation reactions such as the colloidal-gold 
reaction and the Takata-Ara test. The above tests give valuable indication of 
hepatic function and in minor degrees of hepatic damage a positive reaction may 
be obtained with some of the tests, while others may give a negative reaction ; 
thus indicating the impairment of some of the functions of the liver, while others 
are retained at normal (Snell and Magath, 1938). When all the tests show a 
positive reaction in a high proportion of cases, it can be safely concluded that there 
has been a general derangement of the functions of the liver. 

The hippuric-acid synthesis test is an established method of assessing the liver 
function and the intravenous administration of the sodium-benzoate solution 
eliminates an uncertain factor of absorption from the intestines. 'When (a salt 
of) benzoic acid is administered, it is conjugated with glycine and excreted in the 
urine in the form of hippuric acid. Quick (1936) has shown that a diminished 
excretion of hippuric acid is due to impaired capacity of the liver to synthesize 
glycine and defect in the enzymatic mechanism that combines glycine with benzoic 
acid! In man the conjugating enzyme is present mainly in the liver though a small 
proportion is present in the kidneys as well. We have shown that the renal function 
was not at fault in our series of cases and even after taking into consideration the 
normal variations that occur with body-weight there remain 62 per cent of cases 
where the lowered excretion of hippuric acid can only be explained on the basis 
of hepatic damage. 

The prothrombin time is an index of the prothrombin content of blood. 
Vitamin K is essential for the synthesis of prothrombin. When the parenchyma 
cells of the liver do not function properly this synthesis is hampered, and the 
prothrombin content of the blood falls and haemorrhages may occur. The lowering 
of the prothrombin content of blood may be due either to the shortage of vitamin K 
or to improper utilization of the vitamin by the liver. The shortage of vitamin K 
in the system may be caused by : (f) deficiency of the vitamin in the diet, {ii) altera- ■ 
tion of the. bacterial flora of the intestines, and (m) faulty absorption either due 
to the absence of bile in the intestines or unhealthy condition of the mucous 
membrane. In view of the fact that these factors were not operating in most of 
our cases and that other tests have shown the presence of hepatic dysfunction 
in kala-azar, the most likely reason of the subnormal prothrombin index in 68 
per cent of cases is defective hepatic function. The question whether there was a 
lack of vitamin K or actually the synthesis of the prothrombin in the liver was 
at fault can be determined only by observing the effect of parenteral administration 
of vitamin K on the prothrombin time. This work will be included when the 
studies on the biochemistry of kala-azar are further extended. . It will be noted 
that the lowered prothrombin level and defective excretion of hippuric . acid 
occurred in approximately 60 to 70 per cent of our cases of kala-azar. , We have 
not, however, been able to find any correlation between the prothrombin time 
and the amount of hippuric-acid excretion {see Graph 9) and the plasma-bilirubin 
level. It is, however, well known that the different functions of the Jjver can b§ 
differently affected in hepatic disease. 
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Graph 9. 



Correlation chart between hippuric-acid test and prothrombin time. 


The value of the qualitative. van den Bergh reaction in the differentiation of 
jaundice has been questioned hy recent workers. Maclagan (194-4, 1944a) and 
others have advanced substitutes which are said to give a better indication of the 
tjqic of jaundice. The indirect van den Bergh test or estimation of bilirubin is, 
however, a valuable index of pigmentary function of the liver and has found a 
place in the list of the tests of hepatic function recommended by Higgins el ah 
{he. cii.). It was shown by JIcMaster and Rous (1921) that where 5 per cent of 
the liver tissue is functioning jaundice may be prevented. A retention jaundice 
is usually produced by defective liver function with excessive Inemolysis, but wlien 
the hepatic function is more gravely affected, the normal amounts of bilirubin may 
not be excreted and jaundice may occur. In the present series of cases all the 
van den Bergh reactions can be explained on the basis of hepatic dysfunction. 
Three stages of dysfunction can be distinguished ; (?) bile pigments are normally 
excreted in spite of some hepatic damage being indicated by other tests; the 
bilirubin content of plasma is normal, (?V j the liver cells are incapable of transfer- 
ring the entire amount of bilirubin to the bile passages, there is a slight or moderate 
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frequency and tlie degree of tlie positive reactions increase with the progress of 
the disease. The mechanism of causation of the positive reactions with the above 
hepatic function tests in Icala-azar liave been discussed and it has been shown that 
certain clinical features of kala-azar could be explained on the basis of hepatic 
dysfunction. 
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Protocol 

Results of the intravenous hipjpurk- 


Serial 

number. 

Case 

number. 



T 3 'pc of 
case. 

. 

Bod3'- 
wciglit 
^in lb. 

Vol. of 
urine in 
c.c. 

Calculated 
normal ex- 
cretion of 
hippuric 
acid in g. 

Hippuric, 
acid excreted 
in g. 

1 

80 

34 

JI 

Mod 

79 

68 

0-87 

0-73 

2 

82 

28 

M 

E 

102 

148 

1-02 

0-15 or less 

3 

81 

35 

M 

E 

100 

70-5 

1-01 

0-32 

4 

88 

18 

F 

W 

GS 

83 

0-79 

0-13 

5 

89 

17 

U 

w 

56 

34 

0-71 

Trace 

6 

90 

28 

jvr 

Mod 

86 

142. 

0-91 

0-14 or less 

7 

86 

23 

]\r 

E 

80 

145-5 

0-87 

0-15 or less 

8 

84 

14 

F 

W 

62 

120 

0-75 

0-12 or less 

9 

73 

25 

Ji 

W 

107 

60 

1-05 

0-35 

10 

74 

16 

3^1 

Mod 

73 

57 

0-83 

0-83 

11 

77 

14 

F 

E 


123 

... 

0-57 

12 

102 

20 


Alod 

101 

58 

1-01 

0-40 

13 

CO 

o 

16 

U 

W 

89 

112 

0-93 

0-75 

14 

5C 

25 

U 

E 

69 

45 

0-80 

0-05 or less 

15 

79 

30 

F 

w 

58 

86 

0-73 

0-65 

16 

72 

16 

JI 

W 

78 

88 

0-86 

0-40 

17 

47 

45 

M 

E 

103 

130 

1-03 

0-43 dr less 

18 

46 

22 

M 

E 

103 


1-03 

0-65 

19 

11 

22 

M 

Mod 

85 

37 

0-91 

0-12 or less 

20 

12 

11 

M 

W 

41 

' 42 

0-61 

0-50 

■ 21 

14 

12 

M 

W 

64 

108 

0-77 

0-36 or less 

22 

15 

26 

M 

W 

80 

72 

0-87 

0-60 

23 

16 

40 

M 

E 

89 

40 

0-93 

0-65 

24 

17 

45 

M 

Mod 

119 

95 

1-13 

0-87 

1 


N-B.— Results of tho Biniu}taneous iirea-clearance test are also shoivn in 10 cases. Tj'pc of 


clearance. 
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I. 


acid test in 55 cases of kala-azar. 


Hippuric acid 
excreted ex- 
pressed as 
benzoic acid 
in g. 

Percentage 
excretion of 
the calculated 
normal 
amount. 

Percentage 
excretion of 
the amount 
administered. 

Blood 
urea rag. 
per cent. 

Urine 
urea g. 
per cent. 

Urea 
clearance 
in c.c. 

Renal 
efficiency, 
per cent. 

0-50 

84 

33 

32-0 

2-0 

Cs66-2 

122 

O’lO or less 

15 or less 

7 or less 

34-3 

0-8 

Cm57-6 

76-6 

0-22 

32 

15 

300 

102 

Cs43-2 

79-9 

0-09 

16 

6 

26-8 

1-2 

Cs58-9 

108-8 

Tract 


... 

26-8 

1-45 

Cs40-5 

75 

O'lO or less 

15 or less 

7 or less 

30-0 

0-8 

Cra03-2 

84 

O'lO or lesfe 

17 or less 

7 or less 

23-6 

... 

... 

... 

0'08 or less 

16 or less 

5 or less 

23-6 

... 


... 

0-24 

33 

10 

47-1 

1-65 

Cs32-9 

62 

0-50 

100 

37 

32-1 


... 

... 

0'30 

... 

26 

29-3 

0-9 

Cm63‘0 

83-8 

0'27 

40 

18 

36-0 

1-7 

Cs45-8 

84-7 

0-51 

81 

34 

31 0 

1-1 

CS48-25 

89-3 

0‘03 or less 

0 or less 

2 or less 

300 




0-44 

89 

29 

34-3 

... 



0-27 

47 

18 

330 

... 



0'29 or less 

42 or less 

19 or less 

300 

... 



0-44 

63 

29 

35-4 

... 



O'OS or less 

13 or less 

5 or less 

34-3 

... 

... 


0-34 

82 

23 

27-9 

... 



0'24 or less 

47 or less 

10 or less 

380 




0-54 

57 

23 

27-9 

... 



0-44 

70 

29 

3M 

... 



0-59 

77 

39 

34-3 

... 




case: K-oarly: Motl _ moderate ; \V=wcll-dcveIope.l ; Cm=inaxiraum clearance; Cs=standard 
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Protocol 


Serial 

number. 

Case 

number. 

Age. 

Sex. 

Typo of 
case. 

Body- 
weight 
in lb. 

. Vol. of 
urine in 
c.c. 

Calculated 
normal ex- 
cretion of 
hippuric 
acid in g. 

Hippuric 
acid excreted 
ing. 

26 

19 

25 

M. 

E 

86 


0-91 

0-70 

26 

21 

23 

M 

Mod 

91 

... 

0'95 

0-85 

27 

22 

12 

M 

E 

38 

86 

0-59 

0'28 or less 

28 

23 

17 

JI 

W 

112 

... 

1-09 

0-90 

29 

24 

10 

F 

Jlod 

49 

61 

0-67 

0'20 or less 

30 

25 

14 

M 

Mod 

60 

92 

0-74 

0'30 or leas 

31 

100 

25 

M 

W 

72 

... 

0-82 - 

0-4 

32 

18 

1 

18 

M 

Mod 

83 

80 

0-89 

0-95 

33 

2G i 

i 

10 

M 

W 

43 

46 

0-63 

0‘16 or less 

34 

27 

11 

M 

Mod 

46 

... 

0-C6 

0-55 

35 i 

31 

22 

F 

W 

76 

46 

0-85 

0‘15 or less 

36 j 

32 

18 

F 

W 

74 

... 

0-83 

0-70 

1 

37 1 

33 

14 

M 

E 

66 


0-78 

0-75 

38 

35 

24 

M 

W 

97 


0-99 

0-80 

39 

36 

50 


E 

81 

... 

0-88 

0-20 

40 

43 

34 

M 

AV 

119 

1 

100 

1-13 

0'33 or less 

41 

46 

60 

M 

W 

125 

... 

1-17 

0-70 

42 

110 

26 

M 

Mod 

? 

70 

... 

0-70 

43 

49 

32 

M 


93 

60 

0-96 

0-7 

44 

51. 

16 

M 

AA'’ 

68 

30 

0-73 

0*10 crless 

46 . 

63 

16 

M 

Mod 

84 

... 

0-90 

0-62 

46 

56 

12 

M • 

AV 

48 

43 

0-C6 

0-3.6 ■ 

47 

68 

28 

M 

Mod 

80 

60 

0-87 

0-1-0 or lefs 

•48 

69 

16 

■M 

Mod 

74 

75 

0-83 

0-40 


— ^Results of the simultaneous urea-clearance test are also shown in 10 cases. Type of 
clearance. 


1 
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Hippuric acid 
excreted ex- 
pressed as 
benzoic acid 
in g. 

Percentage 
excretion of 
the calculated 
normal 
amount. 

Percentage 
excretion of 
the amount 
administered. 

Blood 
urea mg. 
per cent. 

Urine 
urea g. 
per cent. 

Urea 
clearance 
in c.c. 

Benai 
eflSciency, 
per cent. 

0-48 

77 

32 

42-9 

... 



0-58 

89 

39 

300 




0'19 or less 

47 or loss 

13 or less 

34-3 


... 


0-Gl 

83 

- 41 

31-1 




0-14 or less 

30 or less 

9 or less 

37-5 




0'20 or less 

41 or less 

13 or less 

300 




0-27 

49 

18 

38 0 




0-C5 

107 

43 





O'lO or less 

24 or less 

7 or less 

— . 




0'37 

83 

25 

... 




O'lO or less 

18 or less 

7 or less 

... 




0-48 

84 

32 





0-51 

CQ 

34 

... 




0-54 

81 

30 

... 




0'14 

23 

9 

... ... 



0'22 or less 

29 or less 

15 or less 




0-48 

00 

32 

... 




0-48 

... 

32 

! 

... 


... 


0-51 

78 

31 





0'07 or less 

14 or less 

5 or Ic.*?^ 


... 



0-42 

09 

28 


... 



0-24 

53 

10 

... 

... 



0'14 or less 

23 or less 

9 or less 

I ! 



0-27 

48 

IS 

1 

... 

... 



case: E = early ; Mod=moJeratc ; \V=well-developed ; Cm= maximum clearance ; C3=standard 
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Protocol 


Serial 

number. 

Case 

number. 

Age. 

Sex*. 

Type of 
case. 

Eod}'- 
weight 
in lb. 

Vol. of 
urine in 
c,c. 

Calculated 
normal ex- 
cretion of 
hippuric 
acid in g. 

Hippuric 
acid excreted 
in g. 

49 

69 

14 

M 

ilfod 

66 

55 

0*78 

0-05 

60 

108 

20 

M 

W 

117 

38 

1-12 

0-20 

61 

109 

19 

M 

w 

82 

50 

0-89 

0-65 

62 

34 

22 

F 

E 

58 

46 

0-79 

0-15 or less 

53 

48 

22 . 

M 

Jlod 

99 

160 

1-00 

0-8 

64 

61 

56 

M 

Jfod 

87 

... 

0-92 

0-7 

65 

GO 

22 

M 

E 

78 

100 

0-86 

0'33 or less 


N.B . — ^Results of the simultaneous uren-clcnrnnce test are also shown in 10 cases. Type of 
clearance. 
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Hippuric acid 
excreted ex- 
pressed as 
benzoic acid 
in g. 

Percentage 
excretion of 
the calculated 
normal 
amount. 

Percentage 
excretion of 
the amount 
administered. 

Blood 
urea mg. 
per cent. 

Urine 
urea g. 
per cent. 

Urea 
clearance 
in c.c. 

Renal 
efSciency, 
per cent. 

0-44 

83 

29 





0-14 

18 

9 

... 




0-44 

73 

29 

... 




O'lO or less 

19 or less 

7 or less 

... 


... 


0-54 

80 

36 

... 




0-4S 

76 

32 

... 




0‘22 or less 

38 or less 

15 or less 

... 


... 



case: E=early; Mod= moderate ; W= well-developed ; Cm= maximum clearance ; Cs=slandnrd 
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Protocol 

Van den Bergh reaction, 'plasma-hiliruhin, prothrombin time, 


Serial 

number. 

1 

i 

1 

Case 

number. 

Ago. 

Sex. 

Type of 
case. 

Van den 
Bergh 
reaction. 

Bilirubin 
(mg. per 
cent). 

Prothrombin 
time in 
seconds. 

1 

2 

16 

M 

\v 

I 

0-3 

36 

2 

i 

3 

9 

F 

5Iod 

N 

0-0 

49 

3 

4 

42 

lil 

51od 

N 

0-0 

25 

4 

5 

12 

F 

W 

I 

0-2 

27 

5 

6 

12 

M 

W 

I 

0-4 

30 

6 

7 

30 

M 

* W 

I 

0-2 

'22 

7 

8 

32 

M 

E 

N 

0-0 

18 ■■■ 

8 

9 

26 

jr 

E 

I 

0-6 ,, 

22 ’ 

1 

9 

10 

30 

i 

u 

1 

E 

I 

0-3 

21 


11 

22 

M 

5rod 

Im.D 

10-0 

25 

11 

12 

11 

51 

5V 

I 

0-2 

23 

- i 

• 13 

8 

F 

51od 

N 

0-0 

16 

13 

16 

40 

51 

E 

I 

0-2 

20 

14 1 

1 

17 

45 

51 

51od 

I 

0-4 

22 

16 

18 

18 

51 

51od 

I 

0-2 

27 

16 

19 

25 

51 

E 

N 

0-0 

18 - 

17 

20 

17 

F 

5Iod.AV 

I 

0-4 

40 

18 

21 

23 

51 

5Iod 

I 

0-3 

19 

19 

1 

22 

12 

51 

E 

I 

0-4 

... 

20 

49 

32 

51 

W 

I 

0-3 

30 

21 

50 

16 

F 

E 

DD 

1-6 

34 

22 

53 

16 

51 

Mod 

N 

0-0 

31 

23 

63 

21 

51 

E 

I 

0-6 

24 

_ 


N B —The prothrombin index is calculated taking 20 second . as the normal prot.hrombm 
DD=delayed direct; I=indirect; N=negalive. Type of case: E = early ; Mod- 
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II. 


platelet count, bleeding time and coagulation time in 67 cases. 


Prothrombin 
index 
per cent. 

Platelet 
per c.mm. 

Bleeding 
time in 
minutes 
(Duke’s 
method). 

Coagulation 
time in 
minutes 
(capillary 
tube 
method). 

History of hemorrhages. 

5G 

120,800 

2-0 

2-5 

Epistaxis and bleeding from gums. 

41 

100,500 

4-5 

20 - 

1 Epistaxis. „ 

80 

247,800 

4-0 

3-5 

Bleeding from gums. 

74 

152,300 

5-0 

5-5 

Nil. 

67 

IST'.QQO 

1-5 

3-0 

Nil. 

91 

252,000 

2-5 

' 3*0 

1 

Epistaxis and bleeding from gums. 

111 

222,700 

2-0 

3-5 

Nil. 

91 

308,700 

1-5 

3-5 

Nil. 

95 

237,500 

DO 

3-5 

Nil. 

80 

338,200 

DO 

40 

Epistaxis and bleeding from gums. 

87 

327,000 

2-0 

3-5 

Nil. 

125 

108,500 

3-0 

4-0 

Nil. 

100 

•*< 

2-5 

50 

Nil. 

91 

80,000 

0-5 

30 

Bleeding from gums. 

74 

152,300 

3-5 

4-5 

Nil. 

111 

152,400 

2-0 

3-5 

Bleeding from gums. 

50 

03,800 

3-5 

4-5 

Nil. 

105 

133,500 

1-0 

3-5 

Nil. 


72,500 

4-0 

GO 

Nil. 

07 

04,100 

4-0 

30 

Epistaxis and bleeding from gnms. 

59 

74,200 

2-5 

5-0 

Bleeding from gums. 

05 

170,500 

... 

... 

Bleeding from gums. 

83 

81,700 

3-0 

1 

1 

4-0 

Nil. 


time for Iiidinns. Van <lcn Bergli reaction: Im.D=immc(liatc direct; B=bii)hasio • 
moderate ; W= well-developed. ^ ’ 
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Bioclmnical Investigations in Kala-azar. 


Pkotoool 


Serial 

number. 

Case 

number. 

Age. 

Sox. 

- 

Typo of 
case. 

Van den 
Bergii 
reaction. 

Bilirubin 
(mg. per 
cent). 

Prothrombin 
lime in 
seconds. 

24 

64 

22 

M 

w 

N 

0-0 

24 

26 

07 

11 

M 

w 

N 

0-0 

18 

26 

cs 

10 

M 

Mod 

I 

0-4 

38 

27 

09 

14 

]\I 

Mod , 

I 

0-2 

31 

28 

71 

10 

M 

Mod 

I 

0-0 

... 

29 

80 

34 

M 

Mod 

B 

1-75 

49 

30 

81 

36 

M 

E 

I 

0-3 

32 

31 

82 

28 

M 

E 

I 

0-3 

35 

32 

14 

12 

JI 

W 

I 

2-6 

• 24 

33 

16 

26 

M 

W 

I 

0-8 

20 

34 

41 

30 

M 

3rod 

I 

0-4 

34 

36 

42 

30 

M 

W 

N 

0-0 

30 

30 

66 

12 

M 

W 

I 

0-2 

32 

37 

66 

26 

M 

E 

I 

0-3 

20 

38 

67 

30 

M 

Jfod 

I 

0-2 

28 

39 

58 

28 

M * 

Jlod 

B 

0-8 

35 

40 

60 

22 

M 

E 

DD 

3-0 

29 

41 

62 

20 

F 

W 

I 

1-0 

28 

42 

70 

13 

M 

W 

N 

0-0 

23 

43 

73 

26 

M 

W 

I 

0-2 

21 

44 

76 

21 

M 

E 

I 

0-5 

18 

45 

77 

14 

F 

E 

I 

0-8 

23 

46 

79 

30 

F 

W 

N 

0 0 

22 

47 

85 

23 

M 

E 

DD 

3-0 

33 

48 

90 

28 

M 

Mod 

... 

... 

21 


jy The prothrombin index is calculated taking 20 seconds as the normal prothrombm 

pD^Tdelayed direct; I=indirect; N=negat.ive. Type of case: E=early; Mod- 
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II — contd. 


Prothrombin 
index 
per cent. 

Platelet 
per c.mm. 

Bleeding 
time in 
minutes 
(Buke’s 
method). 

Coagulation 
time in 
minutes 
(capillary) 
tube 
method). 

History of haemorrhages. 

83 

144,500 

3-0 

20 

Bleeding from gums. 

111 

101,500 

1-0 

20 

Nil. 

53 

45,000 

4-0 

30 

Epistasis and bleeding from gums. 

65 

144,400 

3-0 

2-0 

Epistaxis. 

... 

72,300 

1-0 

20 

Epistaxis and bleeding from gums. 

41 

66,500 

13-0 

3-5 

Epistaxis and bleeding from gums. 

62 

145,600 

4-0 

1-5 

Nil. 

57 

150,000 

30 

20 

Bleeding from gums. 

83 

,,, 


... 

Nil. 

100 

... 


... 

Epistaxis and bleeding from gums. 

59 




Bleeding from gums. 

67 

... 

... 


Epistaxis. 

62 



... 

Epistaxis and bleeding from gums. 

100 

... 



Bleeding from gums. 

71 


... 

... 

Epistaxis. 

57 




Epistaxis and bleeding from gums. 

60 




Epistaxis, bleeding from gums and mehena. 

71 




Bleeding froin gums. 

87 

1 




Epista.xis, 

1 95 

1 



Bleeding from gums. 

1 111 

1 

... 



Bleeding from gums. 

i 

... 

... 


Nil. 

! 91 


... 


Bleeding from gums. 

61 


... 


Nil. 

95 

! 

... 



Nil. 

1 

1 


time for Inclinns. Van don Bergh reaction: Im.D=immcdiatc direct; B=biphnsic; 
moderate ; \V=well*dcvclopcd. 
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Biochemical Investigations in Kala-azar. 


Pbotocol 


Serial 

number. 

Case 

number. 

Age. 

Sox. 

Type of 
cnflc. 

Van den 
Borgh 
reaction. 

Bilirubin 
(mg. per 
cent). 

Prothrombin 
time in 
seconds. 

49 

94 

18 

F 

w 



45 

60 

1 

70 

M 

Mod 

I 

0-2 

30 

61 

95 

31 

M 

Mod 

I 

0-8 

31 

52 ' 

112 

10 

F 

W 

B 

18-0 

26 

53 

93 

28 

F 

E 

B 

4-0 

21 

54 

100 

25 


W 

... 

... 

25 

55 

111 

18 

JI 

Jlod 

Im.D 

6-0 

26 

50 

25 

14 

M 

Mod 

B 

3*5 

... 

57 

26 

10 

M 

W 

I 

0-6 

... 

58 . 

31 . 

22 

F 

W 

I 

0-4 

... 

69 

32 

18 

F 

W 

I 

0*2 

... 

60 

34 

22 

F 

E 

Im.D 

2-0 


’ 61 

44 

32 

M 

Mod 

I 

0-3 

... 

62 

47 

45 


E 

I 

0-8 

... 

63 

72 

16 

Jl 

W 

I 

0-4 

... 

64 

86 

10 

M 

E 

B 

6-0 

i > * 

65 

98 

24 

M 

W 

I 

0-4 

... 

66 

105 

6 

■F 

W 

Im.D 

6-0 


67 

107 

4 

F 

E 

B 

3-0 

... 


^The prothrombin index is calculated taking 20 seconds ns the normal prothrombm , 

DD= delayed direct; I=indirect; N=negative. Type of case: E=early; Mod— 
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II — concld. 


Prothrombin 
index 
per cent. 

Platelet 
per c.mm. 

Bleeding 
time in 
minutes 
(Duke’s 
method). 

Coagulation 
time in 
minutes 
(capillary 
tube 
method). 

History of hjemorrhages. 

• 

44 

. 



Nil. 

67 



... 

Nil 

65 


... 


Nil 

77 

... 



Bleeding frdm gums and petechial hemor- 
rhages on both the legs. 

95 


... 

... 

Nil 

80 


... 


Bleeding from gums. 

77 

. 

i 

t 

1 

i 

... 

... 

... 

... 

... 

Bleeding from gums. 

.. 


... 

... 

... 

... 

... 

... 

... 


time for Indinns. Van den Bergh rcacUon: Iin.D!= immediate direct; B=biphasic- 
moderate : \Y=vrcH-dcvcloped. ^ ' ' 





Protocol III. 
Estimation of serum-'pr oleins. 
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BiocJiemiGal Investigations in Kala-azar. 
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146 Biochemical Investigations in Kala-azar. 


Protocol 


Clinical ami biochemical findings of the 


Serial number. I 

Case number. 

Ago. 

o 

w 

Size of tlio spleen 
below the costal 
margin. 

Typo of case. 

Duration of illness 
(in months). 

Duration of jaundico 
(in months). 

es 

*K 

O 

O 

Tongue. . 

Colour of stools. 

« 

O 

Uf 

c: 

u 

O 

§ 

1 

50 

15 

F 

2^ 

E 


7 

+ 

Glazed 

Yellow 

Bleeding 
gnms, pot. 
h.'cm. 

2 

80 

34 

M 

3* 

Mod 

24 

7 

0 

Clean 

II 

Epist., 

bleeding 

gums. 

3 

Zi 

22 

F 

2' 

E 

12 

? 

I 

"T 


White 

Epist., 

bleeding 

gums. 

4 

14 

12 

M 

51" 

w 

12 

7 

-f 


Yellow 

Nil 

6 

107 

4 

M 

o* 

E 

7 

7 

0 

>> 

White 

Nil. 

6 

60 

22 

M 

<Vf 

E 

8 


+ 

Coated 

i1 

Mclfona, 

epist., 

bleeding 

gums. 


N.B. — Abbreviations ; ND = not done. Type of case ; E = early ; Mod = moderate ; W = rvoII-deToIopod, 
Im.t) = immediate direct ; B = bipliaaio ; DD = delayed direct ; I = indirect. TAB = Takata-Ara 
Mio = microcytic. Other findings ; Cholesterol — The figures indicate the total cholesterol contenf 
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IV. 


14 cases of Jcala-azar with jaundice. 



LivEn. 


to 

tb 

0 



o 

ns 

c 



o 

N 

in 

§ 

o 

O 

ci 

ri 

6 

o 

c 

u 

o 

'TS 

a 

Van don Bo 
reaction. 

c 

3 

E . 

si 

k 

0 ^ 
s ^ 

S 


f4 

a 

u 

G 

^ -13 
c ^ 

2 S 

5 S 

2 ^ 

d 

a 

cs 

*0 

H* 

Other findings. 

ij' 

Soft 

Normal 

4- 

DD 

1-6 

++ 

5 

59 

Mac 

Cholesterol — CO mg. per cent. 
Patient was gravely ill 
with oedema, anmmia and 
oxtensivo cancrum oris. 
Died in the hospital. 

2' 

Finn 

Sharp 


B 

1-75 

-i- 

5 

41 

Norm 

Patient had ascites with con- 
gested abdominal veins. 
Hipp.-acid test — 84 per 
cent of normal. Cured. 

2i' 

*> 

ff 

+ 

rm.D 

2*0 


3 

ND 

Mao 

Case of kala-azar with cirr- 
hosis of lirer. Four pints 
of ascitic fluid withdrawn. 
Ascitic fluid — protein 

0'7 per cent, TAR 
strongly positive. CGR 
—VC. Hipp.-acid test 
— 19 per cent (or less) of 
normal. Van don Borgh 
reaction (after treatment) 
I, O’O mg. per cent. 
Cured. 

ir 

Soft 

Normal 

+ 

I 

2-5 


a 

83 

Mac 

Hipp.-acid test — 17 per cent 
(or le.‘=is) of normal. Blood 
cholesterol— 130 mg. per 
cent, TP 7'8 per cent, A 
4 per cent, G 3-8 per cent, 
AG 1‘05. Cured. 

3' 

Firm 

Sharp 

+ 

i 

1 

B 

3-0 

-h-h 

' 

3 

1 

ND 

Norm 

Urine — urobilin 4-+, bile 
pigments -f-, bile salts 
nd. After treatment: 
Van den Bcrgli reaction 

I, 1*25 mg. percent, TAR 
rhf CGR still -^vo (5). 
StooLs^ — yellow. Cured. 

! 


! 

( 

! + 

! 

i 

DD 

3-0 

( 

j 

1 

t t 

1 

1 

1 3 

I 

1 

i 

t 

03 

Mac 

Hipp.-acid test— 38 per cent 
(or less) of normal. Choirs- 
terol — 70 mg. per cent, 
TP 4*5 per cent, A 1*2 
per cent, G 3-.7 per cent, 
AG 0'3G. Cnnxl. 


rcACtion ; CGU 
of hJoi>d, TP . 


KrWt. ^ rpUtnuis ; Pet. Jwm. pflocViM h.TmorrJncr. Van 
- wlIoulal.pnM unction. Tvp, c/ nnarmfa .• M«c = jaicroevtic ; 
^ M.U rrotatn ; A = nlbutain ; G slobnlin. 


den Pcrg\ rendion : 
Xonjj =f normoevtfe; 
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Protocol 


Serial number. ■ I 

Cnso number. 

Ago. 

Sox. 

S3 

2 2 
-t-i 

o . A 

ss to 
o t- 

s ^ S 
c/3 

Q 

W 

fj 

U 

*0 

H 

Diimtion of illness 
(in inonth.s). 

c 

c o 

Q“ 

Anoro.xia. 

Tongiio. 

Coloat* of stools. 

B 

to 

5 

"C 

u 

0 

c 

Cl 

bl* 

7 

25 

M 


.3' 

Mod 

3 

? 


Clc.iri 

IVIiito 

Ad. 

8 

03 

28 


2" 


O 

25/.30 

-1- 

Slightly 

co.alcd. 


A'lV. 

0 

S5 

2:i 

m' 

2" 

13 

2I/3') 

M/.30 

0 

Clean 

ri 

Ail. 

10 

SO 

10 

■ M 

ir 

E 

1 

1 

-j- 

Slightly 

co.ited. 


MeUmn 

11 

105 

6 

F 

4' 

\V 

5 

? 

0 

Clean 

» 

gums. 

12 

111 

IS 

M 

3' 

Mod 

3 

15/30 

-f 

Slightly 

coated. 

Yellow 

Bleeding 

gums. 

13 

11 

22 

M 

3" 

Mod 

n 

15/30 

+ 

Co.atcd 

Pale yellow, 
previously 
white. 

Epist.. 

Ueodiiig 

gams. 

14 

112 

1 

10 

F - 

G" 

IV 

18 

2 

4* 

Sllglitly 

coated. 

White 

Pofccliia) on 
hotli legs, 
blecdpig 
gums. 


2f.B. — Ahhreniallons : ND = hot done. Type of case E = early; Mod = niodcvatc ; W = well-dcvclojicd. 
Im.D = immediato direct; B — biplinsic ; DP = delayed direct; 1 = indirect. TAB — Takat.a-Ara 
Wio s= microcytic. Other jimtings : Cliolosfcrol — ^Tlio figures indioato tlio total cholesterol content 
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IV — concld. 


hxvr.n. 

Van den Bergli 

reaction. 

to 

g 

1 

1 


ii 

n 



O 

ii 

CO 

Consistency. 

Margin. 

i 

Tender nose. 

Plasma bilirubin 
per cent. 

TAR. 

ei 

o 

Prothrombin 
]icr cent. 

s 

fe 

c 

a 

*0 

o 

P* 

H 

Other findings. 

0" 

firm j 

Simrp 

+ 

B 

3-5 

+ + 

4 

ND 

Norm 

Hipp.-acid test — il percent 
(or less) of normal. Cbolcs- 
tcrol — 85 mg. per cent, TP 
5*7 per cent, A 2*2 per 
cent, G 3'5 i>er cent, AG 
0'G3. Van den Bergh re- 
action!, 1*75 mg. i>erecnt 
(after treatment). Cured. 

2"" 

Soft 

Hounded 

+ 

H 

4-0 

ND 

ND 

95 

Korin 

Patient bad two relapses. 
Jaundice developed du- 
ring the 3rd attack. Cured. 

o» 

>» . 

i 

+ 

DD 

S-0 

+ 

0 ' 

GI 

1 Mic 

1 

Hipp.-acid test — 17 per cent 
(or less) of normal. Choles- 
terol — 125 mg. per cent, 
TP G per cent, A PS per 
cent, G 4*2 per cent, 
AG 0‘42. Urine — urobilin 
-r-f» pigments -j-, 

bile salts Cured. 

2" 

Firm 

Sbarji 

0 

n 

0-0 

+ + 

5 

ND 

1 

KD 

Patient bad ascites with 
general anasarca. CurtMl. 

2.1' 

-- 

n 

+ 

Im.D 

0-0 

++ 

5 

ND 

ND 

Cured. 

SJ' 

■■ 


+ 

! 

1 

Im.D 

C-0 

KD 

ND 

77 

Norm 

Ajjpetito was good before 
but wa.s lost uhen jaun- 
dice appeared. Cured. 

O' 

1 

j 

1 

1 + 

i 

1 

1 

Im.D 

10-0 

+ 

i 

i 

1 

4 

SO 

1 

1 

1 

1 

j 

Norm 

Hipp.-acid tost — 13 per cent 
(or less) of normal. Clioles- 
tcrol — 1-15 mg, per cent, 
TP G*8 per cent, A 2*1 
l^cr cent, G ‘1*7 i>cr cent, 
AG 0*41. Agglutination 
agfviust L, icf^'roAfcmor- 
rhagiat — ncg. Van den 
Bergh reaction (after 
treatment) DD 3‘.> mg. 
pcT cent. CGU 3, TAU 
-t*ve. Cured. 

21' 

i 

1 

»* 


+ 

1 

1! 

1 lS-0 

j 

! 

1 

1 

i 

I + 

i 

1 

1 

5 

1 

( 

1 t 

ND 

Patient bad ascites and 
n'dema. Van den Bergh 
reaction I (after H injec- 
tions of aniinostiburea) 
0*0 jx'r cent. .StrKib— 
yellow, liver as Ik fore, 
no fluid in nlvlomen, no 
o-nlema. TAU Cuixtl. 


IliTvionhx^'-^ : Kpist. “ cpUt.-wU ; IVt. --s I’cUthhl h?r'moTrln<:r. Vnn drn lUryh rm'-Hon : 

iT'Action ; CXill r- colloit!.i 1 -polil rr-Action, Tf/pc of anfrima ; Mac ~ ni~crt*cvlic ; Xoriu ” nrirn50c\'lic j 
of I'lcKxl. Tl* E-r: totnl jtrotl'in; A = albumin; G =s globulin. * * * 
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ON THE NATURE OF PENICILLIN BACTERIOSTASIS. 

Part III. 

THE INFLUENCE OF MAGNESIUM RIBO-NUCLEATE ON THE 
NATLTRE OF PENICILLIN INHIBITION OF 
GRAM-NEGATIVE ORGANISJIS. 

BY 

(JIiss) MARIAM GEORGE, 

AND 

K. M. PANDALAI. 

{Frovi the Department of Biochemistry, Indian Institute of Science, Bangalore.) 

[Received for publication, June 7, 1948. 

In our earlier publications (Pandalai and George, 1947 ; George and Pandalai, 
1948, 1948n) it bas been shown that nucleic acids possess the property of (t) antagon- 
izing the inhibitory action of penicillin, and [ii) they are able to reverse the 
inhibition already brought about in the case of organisms due to contact with 
penicillin. Thus, organisms rendered non-viable due to penicillin contact were 
found to have restored the power of growth and multiplication by added nucleic 
acid. It was also demonstrated that nucleic acid imparted changes in morphologj’' 
and Gram-staining reaction due to contact with the drug. It was found also that 
nucleic acids failed to exercise any of these effects on the Gram-negative pathogens, 
normally insensitive to penicillin but inhibited by higher concentrations. It was 
argued that the Gram-staining nature of an organism had no significant relation 
to the sensitivity or otherwise of the organism to penicillin and that an e.xplanatron 
for the selectivity in action probably lay in the fact that metabolic reaction channels 
are dift'erent in the case of sensitive organisms on the one .side and the insensitive 
organisms on the other. Since important clinical and therapeutic aspects centre 
round this problem of selectivity of the action of penicillin, it should be interesting 
to clucidalc fhc various features which govern the bacteriostatic effects broimht 
about by penicillin. In this connection tlie sngge.stion that the presence of nucleic 
acid in the form of magnesium ribo-nucleate is a significant factor in impartin" 
the particular staining characteristic to an organism and that the Gram-po.sitive 
organisms contain this material in the surface layer appears to have received 
experimental confirmation from recent findings of Henry and Stacey (194.'}, 1915 

( 151 ) 



152 


On ihe Nature of Penicillin Bacicrioslasis. 


1946), Indeed these workers slio\ved that magnesium ribo-nucleatc prepared 
from commercial sources was capable of restoring the Gram-positive quality to 
])acteria from which it lias been removed by extracting witli 2 per cent bile salt 
in normal s<aline, as much as the latter extract itself. This fact had added implica- 
tions, since now it has been shown that other antibiotic substances besides penicilliu 
are also similarly sensitive. These aspects raised the interesting point as to what 
influence the added magnesium ribo-nucleatc w’ould bring about in the case of 
Gram-negative bacteria placed in contact with penicillin. It may be expected 
that in the presence of added magnesium ribo-nucleatc, the Gram-negative organisms 
which are originally insensitive may be rendered more allied in their life 
processes to the sensitive organisms, consequently becoming inhibited by 
lower concentrations of penicillin. If this was true, then it would be possible to 
evolve conditions in which penicillin becomes more versatile in its action and thus 
applicable for the therapy of infections lirought about )>y insensitive Gram-negative 
organisms such as those belonging to the colon-typhoid group. The following 
experiments were carried out accordingly to test these postulates : 

Experlmental. 

Experimental procedure was similar to the one already used in these studies 
and described in our previous papers {he. cit.). Magnesium ribo-nucleate was 
prepared from pure 3 'east nucleic acid and used as a neutral solution of the magne- 
sium salt of pure yeast nucleic acid. Tv/enty -four-hour broth-culture tubes in 
duplicates containing a total volume of 10 c.c. including nutrient broth and test 
substances added in requisite amounts were observed after 18 to 24 hours’ incuba-, 
tion at 37°C. and the presence or absence of turlndity due to bacterial growth was 
noted. First the influence of small concentrations of magnesium ribo-nuclcate 
on the penicillin action on Esch. coli was studied. The results are given in Table I 
and show that magnesium ribo-nucleate antagonizes the inhibitory action of 
penicillin in the case of Esch. coli, while it alone when present in broth does not 
act either as a growth-promoting or inhibiting substance. 

Table I. 


The effect of magnesium ribo-micleate on penicillin against Esch. coli. 


Penicillin 

Growth 

Magnejium 

Growth 

Magnesium ribo-nu- 

Growth 

Control 

alone, units 

in 

ribo-nucleate 

in 

oleate plus penicillin 

in 

in 

per c.c. 

broth. 

alone. 

brotli. 

units per c.c. 

broth. 

broth. 



1/2,600 

• 


12 

+ + 

* 


12-0 


+ + + 

1/2,500 ■] 

15 

+ + 








17-6 

+ + 








12 

-f-d- 



15-0 


1/5,000 

-h-t-d- 

1/5,000 ■ 

15 

17-5 

d-d- 
d- ■ 


. ++ + 

17-5 

— 

... 



• . • 





1/20,000 



12 

-hd- 



20-0 

— 


1/1,000 ■ 

16 

+ 








17-5 

± 

. 



— complete inhibition ; ± scanty growth ; -f -f fairly good growth ; -f-J- -}- very good growth. 
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That penicillin bacteriostasis is reversible by magnesium ribo-nucleate as it 
was in the case of Staph, aureus {loc. oil.) by nucleic acid was made clear by 
adding the nucleate solution in cultures which were treated with penicillin at 
different intervals and incubated as usual. Results are given in Table II : — 


Table II. 

To show the rcvcrsihilily of pcniciUin action on Esch. coli by the 
added magnesium ribo-mteleale. 




MaOKESIOM Kino-NUCLEATE 1/2,500 1 


Penicillin 

Growth i 

j ADDED TO DROTir. 

1 

Control 

alone, units 

in 




in 

per c.c. 

broth. 

After 

After 

After 

broth. 


3 hours. 

6 hours. 

24 hours. 


12-0 

+ 


4- + 

-f-h 

\ 

15-0 

— 

-f-t- 

+ + 

-i-4- 

1 

17-5 

— 

-h + 

-f-1- 

-h-h 

20-0 


+ + 

+ + 

+ -f 

J 


4 - growth ; — inhibition ; 4 - 4 - fairly good growth. 


The results in Tables I, II and III show that, while in the case of Gram- 
positive organisms the addition of nucleic acid alone ean bring about the inacti- 
vation of penicillin {loc. cit.), the same effect is brought about in the case of 
Gram-negative organisms only by the addition of magnesium ribo-nucleate and 
not by the nucleic acid alone. That the magnesium present in the added 
magnesium ribo-nucleate plays an important part is confirmed bv the results 
given in Table III : — 


Table III. 


Showing the effect of 7nagnesium-ions supplied as MgSOi on 2 '>anicinin 
inhibition of Esch. coli in the jjrcscnce. of added nucleic acid. 


rcnio.llin 

nloiic, 
units per 
c.e. 



Nucleic acid 
per cent -}- 
penicillin 
units per 
c.c. 


0-1 


0-2 


Growth 

in 

broth. 


8 . 4- 

10 , 4. 

12 ; 4- 

15 I - 

8 I 4- 

10 i 4- 

1-2 i 4- 

15 ' - 


Mg.SO, per cent, 
nucleic acid 
4- penicillin units 
per c.c.- 


0 - 1 - 


0 - 2 - 


1 

1,000 


I 

1.000 


8 

10 

12 

15 

20 

8 

10 

12 

15 

20 


Growth 

in 

broth. 


-h-f- 
+ -f 
-r + 


+ 4- 
■f 4- 
+ + 


Control 

in 

broth. 


-h-ff 


inhibition ; 4- growth ; ~ sranty growth ; 


fairly good growth. 
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In these experiments magnesium-ions were supplied to the cultures as 
magnesium sulphate and nucleic acid was added separately. 

That the magnesium-ions, apart from the ribo-nucleate inoietj of magnesium 
ribo-nucleate, exert a pronounced influence on the action of penicillin on the growth 
of £^sck coli in the absence of added nucleic acid, is seen from the results given in 
Table IV 

Table IV. 


To show the influence of mognesntm-ions a (hied as MgSOi on (he groiclh 
of Esch. coli in the 2 mcscnce and absence of gwnicilUn. 


1 

Penicillin 
alone, units 
per c.c. 

: 

Growtlj 
in brotli. 1 

! 

1 

MgSO, 
alone, 
per cent, j 

1 

Growtli 
in brotii. j 

1 

1 

JIgSO, per cent 
+ penicillin, 
units per c.c. i 

j 

1 

1 

Growtii 
in broth. 

Control 
in broth. 


i I 

i 

! 

1 

j 

1 


0-0 i 

+ + 

1 

1 

0-0 

+ + 1 

i 

) 


i 

1 

1 

1 

8-0 

± ' 



8-0 

-b + 

Ij 

0-1 : 

+ 4-4- 

0-1 ^ 

1 

lO'O ; 

j 



10-0 

■h-h 

1 

1 




. 12-0 i 

i 

1 






1 



G-0 

+ + , 



12-0 

+ 


1 

1 

i 

i 


S-0 

1 

i 



15‘0 



0-2 

+ + + 

0-2 ■ 

1 

10-0 i 




17-5 

i 


1 

1 




1 

. 12-0 j 

1 

— 

1 

ij 

! 



- inhibition ; -f- growth ; ± scanty groivtii ; -J- fairlj' good gro^vth ; 

+ + + rory good grOM-th. 


Here the results indicate that magnesium-ions alone could accomplish a 
reduction in the minimum inhibiting concentrations of penicillin required by Ssch. 
coli. Magnesium sulphate in different concentrations was used for the experiments 
with penicillin in different concentrations. A concentration of magnesium round 
about 0‘1 per cent (as MgSO^) is most active in bringing about the optiinuni 
effect, while magnesium sulphate alone was found to have no effect on the growth 
of the bacilli. The inhibitory effect of the combination of magnesium-ions and 
penicillin, therefore, does not seem to be due to changes in the pH conditions of 
the medium. 

- Similar results were obtained in the case of B. dysenterice also, but not with 
B. typhosus. 

In another series of experiments Bsch. coli was allowed to grow in a nutrient 
broth to which had been added 0'5 per cent magnesium sulphate and subcultured 
into similar medium 3 or 4 times, and was used as an inoculum in order to ascertain 
whether such a strain having’ acclimatized to magnesium environment and also 
presumably containing some adsorbed magnesium (Dubos, 1945) would behave 
in any different way from the ordinary broth-culture strain. The results given in 
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Table V show, however, that this pre-treatment of the organisms in magnesium 
sulphate added broth, had adverse effect on its minimum requirements of penicillin 
for complete inhibition. 


Table V. 


Demonstrating the absence of effect of cell-adsorbed magneshm on the 
minimum inhibiting concentration of 'penicillin 
required by Esch. coli. 


Penicillin -p 
ordinary ^ 

broth culture, 
units per c.c. 1 

Growth 

in 

broth. 

Penicillin -p 
0‘5 per cent 
MgSO^ broth 
culture. 

Growth 

in 

broth. 

1 

0'.5 per cent 
MgSOj broth 
culture. 

Ordinary 

broth 

culture 

8-0 

+ -P 

, 8-0 

-P-P 




10-0 

-p-t- 

10-0 

-P-P 




12-0 

-P 

12-0 

-P + 

1 

+ + 


lG-0 

- 

15-0 

-P 




20-0 

- 

20-0 

i + 

1 1 

1 J 




— inhibition; -f growth ; -h-h fairly good growth. 


This means that it is the extra-cellular magnesium that takes part in 
the reactions and tliat the cellular magnesium plays little or no part in the case of 
Gram-negative organisms in rendering them sensitive to lower concentrations of 
penicillin. ■ 


Discussion. 

The experimental results reported above do not help to clarify the question 
of the specificity found in the bacteriostatic action of penicillin. They, however 
throw some light on the absence of any significance of the Gram-staining test as a 
deciding factor in the susceptibility or otherwise of penicillin on bacteria. There 
is, no doubt, considcraldo interest in the finding that magnesium ribo-'nucleate 
to which has been attributed the property to impart a Gram-positive reaction to 
certain groups of bacteria, can bring some changes in certain Gram-nef^ative 
organisms at least as much as to confer to them the' power of growth from a non- 
viable condition to which they were transformed by penicillin contact. To this 
group of Gram-negative organisms belong the penicillinase producers such as 
Esch. coli and B. dyscnlcricr. since B. typhosus which is not known to produce 
jicnicillinasc behaves in a different way. Indeed, it has been found that mamicsium 
ribo-nucleatc stands to such Gram-negative bacteria in the same relation as'^nucleic 
acid stands to Gram-positive bacteria as far as the antagouising effect on penicillin 
and the ability to revcr.se penicillin action are concerned. However added 
magnesium ribo-nucleatc in suitable concentrations was unable to render tl 
normally insensitive organisms susceptible to lower concentrations of penicillin^ 
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That is to say, tlje magnesium ribo-nuclcate, in spite of tlic clianges it is able to 
impart to tbe nnsuscepti])le organisms, cannot render the latter more allied to 
tlie sensitive organisms judging at any rate from the minimum bacteriostatic 
concentration of penicillin required by tlietn. The most striking point emerging 
from these results, however, is the fact that magnesium-ions themselves are able 
to influence the insensitive pathogens in the presence of penicillin in such a way 
that lower concentrations of penicillin l)ccomc inhibitory to them. Magnesium 
has no effect when it is present .in the cells as adsorbed magnesium or even as 
circumambient magnesium unless penicillin is also present. Under these conditions, 
namely, in the joint j^resence of magnesium-ions and penicillin, the minimum 
bacteriostatic concentration of penicillin for Esch. coH and B. dysenterke go dov,-n 
by about 48 per cent of the amount required when penicillin is present alone. This 
finding may have some important significance, since it is known that the 
magnesium-ion acts as a co-enzyme in phosphorylation processes occurring during 
the catabolism of carbohydrates in vivo. 

It ma)’- also be pointed out that the assumption that the abilit}’- to produce 
penicillinase may be tied up with the absence in the peixicillin-resistant organisms 
of magnesium ribo-nuclcate has also to be verified by further work on tlie basis* 
of these results. It would seem that even among the Gram-negative pathogens, 
some, STicli as Gonococci, are very susceptible to penicillin ; some, such as Esch. coli, 
B. dysenterice, etc., can be made susceptible by suitable methods, while some, such 
as B. typhosvs, require very high minimum inhibiting concentrations of penicillin. 
The similarity in the behaviour of Esch. coli and B. dysenterice has probably some 
connection with their ability to produce penicillinase. It may be pointed out 
that B. typhosus is not a penicillinase producer and this may account for the 
different ways in which it behaves to these reagents. 

' Thus, it seems reasonable to suppose that in the penicillin-sensitive pathogens 
there is present a ‘ catalytic complex system ’ containing inter alia magnesium 
and ribo-nucleic acid and it may be assumed that only such a complete system 
can act, as it were, a receptor to penicillin, while the corresponding system in the 
non-sensitive pathogens is lacking in some component involving the functions of 
magnesium Or ribo-nucleic acid factors which consequently cannot function as 
a penicillin receptor. Undoubtedly, external magnesium to some extent fulfils 
to render this incomplete catalytic complex system more complete, if not fully, 

' in the insensitive pathogens with the result that the respiratory reactions of these 
pathogens become more allied to those in the sensitive ones. This result points 
to the possibility of taking advantage of the use of magnesium-penicillin inixture 
orally for curing the infections of the digestive tract. Preliminary experiments 
in mice have shown that a promising future awaits such clinical practices. These 
in vivo experiments are now in progress. 

Summary. 

^ ~ 1. Magnesium ribo-nucleate allows the growth of Esch. coli in the presence 
of minimum inhibiting concentrations of penicillin. 

2. Esch. coli which became non-Auable due to contact Avith high doses of 
penicillin were rendered viable by added magnesium ribo-nucleate. 
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3. The important role played by the magnesium-ions in the bacteriostasis 
of these organisms by penicillin has been demonstrated. Circumambient 
magnesium brings down the minimum bacteriostatic concentration of penicillin 
by about 48 per cent. 

4. The specificity of penicillin action has been attributed, on the basis of 
these results, to the presence in the sensitive organisms of a ‘ catalytic comple.v 
system ’ containing infer alia ■ magnesium and ribo-nucleic acid factors which 
function as receptors to jjenicillin. The absence or incompleteness of this catalytic 
system in the insensitive pathogens accounts for their non-susceptibility to 
penicillin irrespective of their Gram-staining reactions. 

5. Extra-cellular magnesium is able to render complete at least in part this 
‘ catalytic complex system ’ in the insensitive pathogens, thus bringing the respira- 
tory reaction pathways of these organisms more and more allied to those in the 
sensitive ones. 

G. The possible applications of magnesium-c!<»i-penicillin in clinical practice 
to treat infections of the intestinal tract are discussed on the basis of the results, 
preliminary experiments in mice having akeady yielded promising results. 


Our grateful thanks are due to Professor V. Subrahmanyan and Major K. P. 
Monon for their kind interest and helpful ctiticisms, and also to the Council of 
Scientific & Industrial Research for the financial support. 
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Introddction. 

During recent years a number of plants Lave been examined for their antibiotic 
activity (Osborn, 1943 ; Pederson and Fischer, 1944). In some cases the active 
principles have been isolated. These include the antibiotic agents from garlic 
(Cavallito and Bailey, 1944, 194.5; Rao, 1946), from common burdock (Cavallito 
and Bailey, 1945ff) and tomatin from the tomato plant (Irving, 1946). iFe have 
shown in a previous communication tliat aqueous or alcoholic extracts of several 
locally available plant materials possess remarkably high antibiotic activity 
(George, Pandalai and Venkataraman, 1947). 

Of these i1/. pterygosperma c.xhibited exceptionally higli antibiotic properties. 
Experiments to isolate the antibacterial principle were hence undertaken and in a 
previous communication (Rao and George, 1946) results of preliminary studies 
have been reported. This tree is deciduous, belongs to the N. 0. Moringee 
and is ver}* common almost in every part of India. No attempt seems to have 
been made so far to isolate the medicinal principles of the plant even though almost 
all parts of the plant like the root. bark, gum, leaf, flower and seed have been 
extensively used for various ailments in indigenous medicine. The onlv product 
isolated from the plant is an alkaloid from its bark (Ghosh, Chopra and Dutt 
1935). 


( 159 ) 
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Dae to the liigh antibiotic activity exliiinted by the alcoholic extracts of the 
root as compared with the other parts of the plant and on account of the availability 
throughout the j^ar, the root was chosen for the isolation of the antibiotic principle. 
In the present communication are recorded the results of investigations on the 
isolation, antimicrobial activity and mode of action of the antibiotic principle. 


EXPERlMEXTAn. 

A' ptcrygospcrmin unit . — In order to facilitate the calculation of the yield 
at every step in isolation, wo defined a unit of ])terjjgospermin as that amount of 
the antibiotic which when present in 1 c.c. of sterile nutrient broth at pH 7'0 just 
inhibits the growth of a given strain of S. aureus, the amount of inoculum being 
O'Ol c.c. of a 2'1-hour broth culture. This would correspond roughly to 1 jug. of 
streptomycin or O'G /xg. of penicillin. 

Preparation . — ^After a scries of preliminary exj^eriments we adopted the 
following procedure for the isolation of pleri/gospermin. About 1,000 grammes 
of fresh roots were cut into small pieces and extracted with about 1,500 c.c. of 
alcohol in the cold over-night. The reddish Ijrown alcoholic extract had an 
activity of about 70 units per c.c. A second extract of the root with an equal 
amount of alcohol showed an activity of about 10 units per c.c. To 1,500 c.c. of 
the first extract 10 g. of ‘ Norit ’ adsorbant was added. To an equal amount of 
the second extract 5 g. of the adsorbant was added. The sinspensions were shaken 
well for about 30 minutes and filtered using celite powder. Plerygospermin was 
completely adsorbed. Of the different eluents studied light petroleum proved 
to be the best. The petroleum ether eluate W’as dried over anhydrous sodium 
sulphate and the solvant removed at low temperature and pressure. An oily 
substance with a reddish brown colour and highly piercing smell was left behind. 
This is the most active product so far obtained. Further jjurification using 
chromatography has been tried wdthout any success. It has been a common 
observation that if the petroleum ether is not quiclcly removed from the eluate, 
the needle-shaped crystals separate, wdricJi, however, do not sliow any appreciable 
activity. Plerygospermin is moderately soluble in alcohol but sparingly soluble 
in water. In Table I the results of typical experiments on its preparation are 
presented : — 


Table I. 


Preparation of pterygosj^ermin. 


Number of 
experiment. 

Weight of 
roots taken 
in g. 

Alcohol used, 
vol. in c.c. 

Activity in 
units of 
extract I. 

Activity in 
units of 
extract II. 

Weight of 
oil isolated 
in rag. 

Percentage 

recovery. 

1 

1,000 

1,.500 

80 

10 

310 

09 '0 

2 

3,000 

4,.500 

Co 

5 


71 -0 

3 

2,800 

4,300 

65 

5 

715 

71-0 

4 

.'5,350 

7,500 

60 

10 


72-0 

5 

1,,500 

2,200 

70 

5 

425 

77'0 

• 6 

4,000 

5,800 

C5 

5 


67-0 
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Siahilily of pterygospermin. — ^Freshly prepared samples of pterygospermin 
ha’ve shown very high antibacterial activity against different micro-organisms. 
Solutions of the antibiotic in alcohol at the laboratory temperature have retained 
their original activity for a period of about 2 months. Prolonged keeping of the 
solution, however, results in gradual loss of activity. A crystalline precipitate, 
having no antibacterial activity, settles down from alcoholic solutions on keeping. 
Heating for even an hour at the temperature of the boiling water-bath does not 
seem to affect the stability of pterygospermin. 

The effect of pH on the stability of the antibiotic was next studied since this 
is known to affect the activity of antibiotics like streptomycin and penicillin to a 
very great extent. Equal amounts of the alcoholic solutions of pterygospermin 
and buffers of different H-ion concentrations were mixed. The emulsions so 
obtained were incubated for 24 hours at 37°0. At the end of this period, the 
antibacterial activity of the emulsions were determined by the cup-plate as well 
as by the serial-dilution method. The results of these experiments are brought 
out in Table II. It will be seen therefrom that pterygospermin is more stable 
in the acid range, its activity falling on keeping when the reaction is even 
slightly alkaline. Similar experiments carried out to find out the optimum pH 
of its activity revealed that pterxjgospermin best exhibits its activity at neutral 
reaction. 


Table II. 

Stability of pterygospermin at different H-ion concentrations. 


ACTO’rrV AFTER 2-t hours’ ixcubatiok. 


pH of the 
mixture. 


Zone of inhibition ' Turbidity due to growtii 
I diameter in mm. i at dilution 1 in 100,000. 


Alcoholic 

solution. 


More than 40 

25 

<10 


20 

15 


-f 


■ indicates no turbidity ’; -f indicates growth. 


xlnlibaclcrial spectrum. — ^For finding the antibacterial activity alcoholic 
solutions of pterygospermin were diluted in nutrient broth. Due to the insoluble 
nature of the antibacterial agent, up to a dilution of 1 in 10,000 there %vas faint 
turbidity. Further dilution always gave clear broth enabling the assaying of the 
antibacterial substance. In regular assaying a solution of pterggospermin in 
alcohol 100 mg. per c.c. was first diluted in sterile water to give dilutions of 2,000 
4.000, 8.000. etc., and tVy c.c. of these emulsions was added to {-u c.c. of nutrient 

3 , MU 4 
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broth. These tubes were tlicn inoculated with O'Ol c.c. of a 24-liour brotli culture 
of the test organisms and incubated at 37°C. for 18 hours, after which the tubes 
W'cre observed for gro^vtli. For acid-fast organisms the following procedure was 
■employed : Flasks containing Long’s asparagine ipedium, with the antibiotic in 
the form of an emulsion, 10 mg. per 100 c.c. of the media, were inoculated with two 
lobpfuls of a hon-pathogenic strain of Mycdbacterhm lithemdosis B, C.G^ and 
Mycdbaclerhm. phlei and incubated at 37°0. No gi’owth w'as observed in any of 
the flasks containing the extinct, while in the controls the organisms grew well at 
the end of the tivo weeks. The antibacterial spectrum of 'plcnjgosipermin for 
difl’erejit micro-organisms tested is given in Table III : — ■ 

Tj^ble III. 


Antibaelerial spectrum of pterygospcrjiiin. 


Test organisms. 


Dilution of pterygospermin in trot! 

>C 1/1,000 

Number of 
nnits'perc.c. 
ntmaximnin 
inliibitory 
■ dilution. 

1 

20 

1 

30 

1 

.no 

1 

75 

] 

100 

1 

200 

1 

! 300 

Control. 

1. B. suUUis 



t 


— 


-l- -{- 

■ 

-t -{- 

1 

2, >Sf. aurm'i 

— 

- 

1 

f _ 

' 


— 



+ + 

1 

3, B. coU 

— 

— 


-h 

-U 

+ 



4-5 

4. B. typhosus 

— 

— 

- 

— 

+ 

+ 

+-f 

++ 

3-0 

r>. B. enieritidis 

— 


\ 

— 


+ + 

+ + 


:h0 

6, B. acrogenes 

— 

— 

— 


+ 


+ + 

+-f 

4-r) 

7. B. paratyphosus B. 

— 

— 

— 

+ 

+ 

+ + 

++ 

+ -!- 

4-r) 

S. B. paratyphosus C. 

— 

— 

— 





++ 

+ +' 

1 

9. B. dysenterice 

— 

— 

— 

_ 

— 


-)- + 

-1 + 

1 

10.' Mycdbacierinm phlei 

— 

— 


" 1 

' 

— 

_ 

++ 

+■+■ ' 

1 

11. MvcolaclerUim 










tuberculosis B.U.U. 




, 



+ + 

+ + 



— indicates no growth; -{-indicates slight tnrbiditj' ; -f-f indicates growth as nrnch as in 
control. 
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The results show that this antibiotic exhibits a very wide range of activity 
inhibiting the different micro-organisms including acid-fast and Gram-negative 
ones at fairty high dilutions. 

Antifungal activity. — The experimental procedure for finding out the fungistatic 
activity of pterygospermin was the same as that employed to find out its antibacterial 
properties. The tubes in this case after inoculating with the test organism were, 
liowever, kept in a slanting position and the observations for growth made after 
3 to 4 days’ incubation at a temperature of 25°C. The results of the experiments 
with a few fungi are summarized in Table IV. It is evident that picrygospsrmin 
exhibits good antifungal activity also. 

Table IV. 


Antifungal properties of pterygospermin. 


1 

Name of 
organism. 

i 

Dilutiok or 

1 

A^^TIBIOTIC li? MEDIUM. 

Number 
of units 
per o.c. at 
maximum 
inhibitory 
dilution. 

Medium. | 

. 1 

1 

1 

1 

1 

Control. , 


1 

80,000 

100,000 

150,000 

i 200,000 

j 

I. /lcfi7iomt/cc5 
^riscus^ 

1 

1 

Nutrient broth , 


i 

I 

- 

+ 

1 

-k 

2-0 

2. Aspergiltus 
vslus. 

C 7. n p 0 0 k Dox i 
medium and 1 
nutrient brotli. j 


+ 

■h 


+ 

3-0 

3. Aspergillus 
fiimigalus. 

** 1 

1 

1 

-k 

a. 


+ 

3-0 

4. PauciUivtn 
notatum. 


1 _ 

-k 

-k 

■f 

+ 

3-0 

1 


— iiulicafcs no growth ; indic.ates growtli. 


Effect of pterygos]5crmin on SH compounds. — A number of antibiotic suljstances 
of heterogeneous chemical nature is inactivated by cysteine (Cavallito and Bailey, 
he. cit.) and other similar compounds containing reactive sulphydryl groups. 
Based on these observations it has been suggested (Cavallito, ho. cit.) that these 
antibiotics act by their ability to react with the sulphydryl groups of enzyme 
systems. The effect of cysteine and thiosulphate on the activity of pterygos- 
permin was, therefore, studied. 

Known amounts of the thiol reagents in sterile solutions at jiH G’S were mixed 
with known amounts of pterygospermin and the emulsions so formed incubated. 
At the end of definite intervals the antibiotic acti\'ity of the mi.xturcs were assayed. 
Tables V and VI give the results of these studies. It will be seen that ptcryqoipcr- 
min belongs to the group of antibiotics which are not inactivated by sulphvdrvl 
rengents. 
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Slixture I in Table V contains 0-5 mg. of cysteine per mg. of pterggo- 
spermin, mixture II contains 5 mg., and mixtm-e III 10 mg. for every mg. of 
pterggospermin. 


Table VI. 


Effect of tMosulplmle on the antibacterial activitg of pterygospermin. 


Ratio of thio- 
sulphate to 


Units oi pterygospermin per c.c. of the mixture after incubation for : — 


Hours. 


pterygospermin. 

0 

2 1 
1 

4 

6 ! 

24 

48 

1 : 2 

47 

' 1 
47 

47 

46 

47 

47 

.’) : 1 

47 

47 

48 

46 

46 

47 

10:1 

47 

46 

47 

47 

48 

47 


Effect of nucleic acid on the antibacterial activitg of pterygospermin. — 
Nucleic acid and related compounds have been found to antagonize the anti- 
bacterial activity of different antibiotics (Pandalai and George, 1947). Based 
mainly on these olDservations a theory has been suggested to explain the mode of 
action of antibiotics (Pandalai and George, 1947o). Since thiol compounds were 
found to have no effect on pterggospermin activity, experiments were carried 
out to find out whether nucleic acids antagonize its action. It was observed 
that in presence of nucleic acids the antibacterial activity of pterggospermin 
increased considerably. The results with two pathogenic micro-organisms are 
brought out in Table "iGI : — 


Table VII. 

Effect of nucleic acid on the activitg of pterygospermin. 


Test orpniiism. 


.s’, ntirens 


Dilution and 
activity of 
pterygospermin 
alone. 


1 

loii.ooo 


Dilution and 
activity of 
nucleic acid 
alone. 


Activity of nucleic acid- 
pterygospermin mixtures. 


Nucleic acid. 


1 

l.tMtn 


-f + 


1 

l.tlllO 


Pterygospermin. 

1 

100,11'JIJ 

1 

L’(KI,0:mi — 

1 _ 
."(ri.(iol) 


indic.atcs no growth ; -{--f indicate-: groivth ns much ns in control. 


Control. 
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Table VII — concld. 


Test organism. 


S. aureus 


B, dysenteries 


Dilution and 
activity of 
•picrygospennin 
alone. 


1 

200,000 


_1 

300,000 


+ + 


200,000 


^ _ 

300,000 


+ + 


400,000 


+ + 


Dilution and 
activity of 
nucleic acid 
alone. 


' 2,000 


+ + 


!,(i 00 


+ + 


I 

2,000 


+ + 


Activity of nucleic acid- 
plcri/gospcrmhi mixtures. 


Nucleic acid. 


1 

2,000 


1,000 


1 

2,000 


Picrygospennin. 


Control. 


1 _ 

100,'bon' 

1 

200.000 

L_ 

300,000 


1 

foo'ooo 

1 

soo.'oloo 
. 1 

400 , 00 .) 


4 - 


1 


200,000 

I 

300.000 
1 

400.000 


indicates no growth ; + -|- indicates growth as much as in control. 


+ + 


Discussion. 

The marked antibacterial activity of j)terygos2)ermin against a wide range of 
pathogens would suggest the possibility of its therapeutie applicability in humau 
infections. However, such a possibility can be entertained only if investigations 
on its toxicity now’ in progress prove pterygosjiermin to be sufficiently non-toxic. 
The experiments so far carried out give no insight regarding the mode of action 
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of this antibiotic. The observation that in presence of nucleic acid its activity 
is enhanced may perhaps increase its therapeutic importance, since it is veil known 
that at the site of bacterial infection nucleic-acid concentrations are fairly high. 

Summary. 

The antibacterial principle present in the roots of Moringa pterygosperma has 
been isolated. Its antibacterial activit}' against a few Gram-positive. Gram- 
negative and acid-fast bacteria has l)een studied. Plerygosjjennin inhibits also the 
growth of many fungi. Cj'steine and thiosulphate, the two sulpln’dryl reagents, 
do not affect tiie activity of pterygospermin. In the presence of small amounts 
of nucleic acids the activity of plcrygospermin is considerably increased. Studies 
relating to toxicity and blood-level concentrations are in progress. 


Our thanks are due to Or. K. IM, Pandalai for his valuable sugge.stions and to 
Professor V. Subrahmanyan and Dr. N. N. De for their interest in these investiga- 
tions. We acknowledge, with gratitude, financial support from the Council of 
Scientific & Industrial Eesearch (India). 
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INVESTIGATIONS ON PLANT ANTIBIOTICS. 

Part IV. 

FURTHER SEARCH FOR ANTIBIOTIC SUBSTANCES IN INDIAN 
MEDICINAL PLANTS. 

BY 

(Miss) MARIAM GEORGE, 

AND 

K. M. PANDALAI. 

{From the Department of Biochemistry, Indian Institute of Science, Bangalore.) 

[Received for publication, Juno 2, 1948.] 

In Part II o{ this series we have recorded (George et al., 1947) the results 
of a search for antibacterial substances present in about a hundred of the more 
important Indian medicinal plants and have shown that several plants give 
aqueous or alcoliolic extracts which possess marked antibacterial properties against 
test organisms such as Staph, aureus and Esch. coli. This paper contains a 
record of examination of another ninety plants more or less on the same jdan. 
Various aspects regarding the extraction and testing of antibacterial substances 
from plants, such as the capacit}’' of various organic solvants and other media 
to extract the principle, examination of plants for their antibiotic content in 
relation to seasonal variation, different parts of the plants, and aspects such as 
the diffnsibility factor in relation to the magnitude of the zone of inliibition 
observed on the agar plates, etc., have been given particular attention in the work 
presented in this paper. 

There is evidence of increasing interest in the search for higher plants which 
would bo sources of active antibacterial substances as is seen from the large 
number of references to work on plant antibiotics in recent months. It is thus 
obvious that due .attention has to be given to the e.xploitation of indigenous 
medicinal plants for })otcntial antibiotic substances, the presence of wliich in 
several of them have already been reported. 

In genend. the choice of the plants, the method of extraction, the procedure 
for assay, etc., were all conducted on the same lines as described in our premous 
paper (George cl nJ., Joe. cit.) unless otherwise stated. 
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The extraction jibthods anb the use of organic soevants. 

Previous worlcers have used the 'plants as sucli and pressed out the juice 
by means of presses (Sanders el ol., 1945) and other metliods used invoI\’’e crushing 
ivitli sand in a mortar and draining out t)ie juice tlirougl) fine muslin (Osborn, 
1943). Saline extracts were used by Carlson nt nf. (1946). Certain workers have 
used steam distillates of plants (Seegal and Hoden, 1945) but in this case there 
is the risk ok the antibiotic substance losing its activity under the conditions 
of extraction. Practicall}'' none seems to liavc used organic solvants like alcohol, 
acetone or chloroform which arc widely* used in isolation and studies of natural 
]iroducts, particularly plant products. Sanders cl at. (loc. mi:) and otliers suggest 
that the results obtained with aqueous extracts may be taken only as a preliminary 
indicative one and that the use of organic solvants might give altogether different 
indications due to the probability of the natural product getting solubilized by 
the solvants. Due to these facts the usual organic solvants were used for the 
extraction of the principle and tests were made to see whether these extracts gave 
the correct indication of the antibiotic values by the cup-assay method. Ethyl 
alcohol, absolute alcohol 90 per ccjit. 80 ])er cent methyl alcohol, chloroform, 
acetone, ether jietroleum, ether sulphuric, etc., were used for this purpose. Other 
media, such as water, saline and phosphate buffer jiH 7'0, were also used to 
evaluate their solvant power on these antibiotic principles. In order to see 
whether the inhibitory zones formed in the assay plates were really due to the 
antibiotic and not the solvant, the solvants themselves were used side by side 
for the assays. The test organisms were Stapli. aureus and Bsch. coU and. in 
certain special cases B. sublilis, B. typhosus, B. dysenleriic, (Shiga), etc. In Table I 
are presented the results of these experiments ; — ■ : 

Table I. 

Showing the relative capacity of different solvants in the extraction of the 
antibiotic ])rinci])le from different j)lanis. 


Zone of iniiibitzon in iM.v. by pifferent solvant e.yteacts. 


Plant. 

1 

Alcohol. 

Chloroform. 

! 

! 

I 

1 

c 

O 

© 

1 

Ether. 

Petroleum 

ether. 

4 

u 

1 ^ 

'' t 

i ^ 

Phosphate 

buffer. 



Saline. 

1 

1. ■ Moringa pterygospenna 

40 

90 

45 

90 


12 

12 ■■ 

' 12 

2. Datura stramonhim 

22 

40 

1 Insigni- 
1 ficant. 

15 


H 

W 

13 

3. Justicia gendaruasa 

21 

35 

i 16 

• * • 


19 

13 

12 

i. Oinnamomum zeylanlmm 

22 

30 

1 38 

34 

■■ 

19 

12 

12 

5. Cartca papaya 

25 

26 

1 45 

15 

H 

B 

Insigni- 

ficant. 

Insigni- 
ficant. . 

6,. Phmlago zeylanica 

J 

26 

90 

i 34 

24 

... 1 

13 

11 

13 


-It may be seen from Table I that organic solvants are superior, to water 
dr any aqueous medium like saline or buffer for the extraction , of the antibiotic 
principle. Petroleum ether seems to be of no use, while alcohol, chloroform and 
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acetone and in some cases ether were found to be usually good. Alcohol appears 
to be the most suitable from our experience and can be chosen for routine work 
and in special cases chloroform and acetone. For Moringa root, for example, 
alcohol, chloroform, acetone and ether were all quite good ; for Dhatura leaf, 
chloroform alone gave satisfactory extraction, while the antibiotic from Papaga 
seeds acetone extraction appeared to be the best. It is thus obvious that for 
large-scale extraction the choice of the solvent has to be decided by preliminary 
extraction trials with different solvents. Alcohol, however, possesses the unique 
property of extracting bulk of the natural principles and has the advantage of the 
extract being relatively easy to purify. Under the conditions of the test it is seen 
that the solvents themselves have no effect on the development of inhiliitory zones 
on the agar plates as is seen from the control plates with solvents alone. It may 
be pointed out that Heatley (1944) has reported the same findings. 

The seasonal variations of the antibiotic contents of plants. 

It is quite possible that metabolic activities vary in a more or less wide range 
during the different seasons of the year in the case of plants, and antibiotics being 
substances formed in plants as by-products of metabolic activities, the seasons 
themselves may have an effect on the formation and accumulation of the anti- 
biotic in the plant. It is also possible that in a particular season there may be a 
tendency for the antibiotic once formed and accumulated to get decomposed or 
to acquire less or enhanced antibiotic properties. Such changes in nature, 
properties, constitution, etc., of plant products are known and the point would 
naturally be interesting from the standpoint of antibiotic contents in plants in 
relation to seasonal changes. Table II gives the results obtained on tests carried 
out in the case of four plants and indicates that seasonal variations in the anti- 
biotic contents do exist : — 


Table II. 


Shoiving the seasonal variations in the antibacterial contents 

of plants. 


Plant. «! ^’'0 

, Tvhen tested. 

i 

Zone of 
inhibition 
in mm. 


.lanimrj- 

40 

1. ^[ori)\ga plcrijgospcrma (root) ... ‘ 

j April 
t August 

32 

35 


^ October 

40 


: Jnnunrj’ 

30 

2. .■tdenanihera pnronina {leaf) ...■ 

' March 

27 


J'dv 

19 

• 

1 Jnnuarv 

2G 

a. I’lttmhago zcplnnka {root) ... 

March 

2G 


June 

oo 


r Jnnuarv 

24 

•4. Cnrirn pnpapn (roods) ... , 

April 

2S 

.. 

1 July 

20 







172 


Investigations on Pkmt Antibiotics. 


The occurrence of antibiotic in the plant in relation to 

DIFFERENT PARTS OP THE PLANT. 

Different parts of tlie plants iiave been used in various Ayurvedic prescrip- 
tions, tlie roots, tlie root baric, the stem, tiie stembark, siioot, leaves, flower, fruit, 
seed, etc. In some cases the whole plant is used. We have seen that the entire 
plant Moringa pterygosperma is one in which all the parts yield antibiotic principles. 
There is, however, considerable variation in the distribution of the antibiotic 
principle in the different parts of tlic plants and this aspect is brought out 
in Table III 


Table III. 


Variaiion in the distribiUion of (he antibiotic principle in the different' 

parts of the same 2}la>ds. 


Plant, 


I. Carica papa)/a 


2. Datura stramonium 


S . Glerodtndron inerme 


4 . Moringa plerygosperma 


Parts 

o.’cnmmcd. 


Leaf 

Lato.'s 

Seeds 

.Fruit 

Root 

Leaf 

Flower 

Fruit 

Stem 

Root 

Loaf 

Flower 

Fruit 

Loaf 

Flower 

Fruit 

Root 


Moan halo 
diameter 
in mm. 


24 

11 

11 

24 

13 

12 

12 

11 

11 

13 


21 

20 

23 

40 


Re.marks. 




In almost all cases the 
distribution of active 
principle is unoven. 


Examination of selected plants. 

The extractions of the first 100 plants we have already reported were conducted 
first by alcohol and the residue by water so that only whatever principle insoluble 
in alcohol was extracted by water. In this case, however, fresh lots were used 
both for alcohol and for water so that all water-soluble principles were brought 
down in the aqueous extract and all alcohol-soluble principles in the alcohol extracts. 
As stated before, the methods of extraction, the choice of plants, treatment of 
the plant material, assay, etc,, were all carried out as described in the previous 
case. The results are given in Table IV. It may be seen froin these results that 
quite a number of plants yield both alcoholic and aqiieous extracts possessing 
antibacterial action against the test organisms used. 










Mean zone diameter in mm. 
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AvtnrphophnUiK companulatua \ Aroidcce .Stem 

(Knttii clieim). 


Mean zone diameter in mm. 
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(ih/co.^mis pcnlnpfii/lla (I’anclii) ... I Rulacccc 



AN ZONE DIAMETER IN MM. 
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Mean zone diajiktek in mm. 


1-78 
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Insignificant Insignificant 
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Vikx pcilunailarla (Navnladi) ... Vcrbenacecc Leaf 
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Discussion, 

Higher plants do seem to offer great chance for economic production of 
substances possessing strong antiliactcrial properties. Certain plants give alcoholic 
extracts which completel}’' inlii))it the growtli of the test organisms giving a sterile 
plate (90 mm.). In general, the plant antibiotic substances appear to he more 
inhibitory to Gram-positive organisms tlian to the Gram-negative type. It may 
be remembered that penicillin and some of the other prominent antibiotic agents 
of fungal origin are also rather selective in their inhibitory action, most of them 
being inhibitory to Gram-positive organisms. As reported in the previous paper 
it was noticed that some reputed medicinal plants used extensively in tlie cure 
of bacterial diseases possess no pronounced antibiotic activity quite contrary to 
expectation and their therapeutic action has to be traced to other causes. 
Probably, compounds may be present in the extract which have properties antag- 
onistic to the inhibitory substances, cysteine for example, and which, therefore, 
might mash or counteract the antibacterial projierties. Better processing, however, 
may avoid such inhibitory substances from being present and exerting their action. 
Tests on wider range of infectious organisms haye to be undertaken instead of 
confining to one or two test organisms. Extracts which are without action on 
Staph, awciis, for example, may be inhibitory to B. typhosus or B. dysenteria;. 
Indeed it was found that the extract of the plant Hediotis was inhibitory to. Vibrio 
cholercB, while it was insensitive to Staph, aureus or Esch. coli and the brinjal plant 
gave an .extract inhibitor}’ to B. iyjyhosus but not to Esch. coli or Staph, aureus 
and so on. 

STOIMARy. 

1. The preliminary survey of antibacterial substances present in well-known 
Indian medicinal plants reported in the previous paper has been continued to 
include 90 more plants. The results show that many plants give alcoholic or 
aqueous extracts possessing strong antibacterial properties, some on Gram-positive 
organisms, and some on Gram-negative organisms. 

2. Among organic solvants alcohol was found to be the best solvent extract- 
ing most of the antibiotic principles and also possesses the added advantage of 
the extract being relatively easy to purify. Chloroform and acetone also afford 
good extraction in certain instances. 

3. Though the diffusibility of the test liquid is a factor among others in the 
formation of inhibitory zones on the agar plates, in general, reliable values of the 
intrinsic antibacterial activity of a test liquid is obtained by the agar plate cup 
assay. 

4. A slight seasonal variation in the antibiotic contents in various plants 
has been observed. 

5. The distribution of the antibiotic principle in the various parts of the 
plants is quite uneven. "While in some cases like Moringa plerygosperma the 
entire plant is a good source of antibiotic principles, in several, the principle was 
found abundant either in the roots, stem, leaves, fruits or flowers and often in 
the seeds. 

6. In general, it may be said that plant antibiotics are more inhibitory to 
Gram-positive pathogens than to Gram-negative pathogens. The latter are also 
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inliibited by quite a good number of extracts and a few are inhibitory to both 
tj^es. 


The authors’ sincere thanlrs are due to Professor V. Subrahmanyan foi 
his kind interest in the work and helpful criticisms. They are also indebted to 
the Council of Scientific & Industrial Eesearcli for financial help. 
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CAROTENOID CONTENT. 
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Earlier studies on tomatoes in relation to vitamin A are reported by 
Osborne and Jlendel (1920), Jlcndel (1920), Sherman and Munsell (1925) and Davis 
and Stillmann (1926). Observations on the carotenoids of tomato have also 
been made by Shi\Tina (1937, 1938), Ott (1938), Went, LeRosen and Zeclinieister 
(1942), Hamner and Ellis (1943), LeRosen, Went and Zechmeister (1941) 
and Zechmeister, LeRosen, Went and Pauling (1941). These authors have 
noticed considerable dificrences in carotenoid content in different samples of the 
fruit and even from different fruits picked from the same vine at comparable stages 
of ripeness. Zechmeister cl aL_ {loc. cit.) found in the tomato, besides lycopene 
and ^-carotene, several other pigments, namely, neo-lycopene A, neo-lycopene B, 
^’-carotene, a-carotenc, prolycopene and still some unidentified carotenoids. A 
carotenoid named t -carotene has been isolated by Nash and Zscheile (1916) and 
Zschcilc and Porter (1947). These authors examined numerous breeds and crosses 
of tomato and isolated in addition to ^-carotene and lycopene, neo-^-carotene B 
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neo-jS-carotene U, y-carotene, a-carotene, -carotene and isomers of lycopene, 
namely, neo-lycopene A and nco-lycopcne B. One of the strildng ohsen-ations 
they made was that in many species of tomatoes whose fruit is 3 'ellow or green 
in colour, Ijmopene is present only in traces, while it goes up to 300 to 400 yg./g- 
in some of the dark-red varieties. LeBosen, Went and Zechmeister (?oc, cit.) also 
studied carotenoid pigments in relation to genes. 

In this investigation, the carotenoid pigments of some cross-breeds of the 
cultivated and wild varieties of tomatoes have been investigated together witli 
the effect of further inter- varietal crossing on the carotenoid content. The 
numerous seifs and crosses were produced from the true species — Lycopersicon 
escnlenlwn and Lycopersicon pimpindlifolhm. Tt was anticipated that this 
investigation will lead to results of practical importance from the point of view 
of obtaining cultivated varieties containing high amounts of ^-carotene and thereby 
more of vitamin A. The study is also of value from the fundamental aspects of 
carotenoid physiology in relation to pigment development in plants. 

The samples examined were obtained through the courtesy of the Economic 
Botanist, Indian Institute of Agricultural Besearch, Delhi, where these varieties 
and their cross-breeds were grown. All the varieties and their cross-breeds were 
grown under identical conditions of manuring, irrigation and climatic factors. 
Samples of average-sized fruit, selected at random, were examined at different 
stages of ripeness. Four stages of ripeness were recognized : — 

(i) At one-quarter ripe stage when the fruit was all green in colour, 

(ii) At one-half ripe stage when the fruit had lost most of its green 

colour,- 

(m) At three-quarters ripe stage when the fruit was not quite uniformly 
coloured. 

(iv) At fully ripe stage when the fruit was completely coloured, • 

Fresh unpeeled fruits were used for analysis. Generally the whole fruit was 
taken but in case of large fruits, alternate equatorial slices w^ere used. 


Method op analysis. 

The procedure followed for the complete extraction, isolation and estimation 
of the carotenoid pigments is described in the next paper (Sadana and Ahmad, 
1949, p. 193 tMs ?ssue). The petroleum ether extract containing all the 
carotenoid pigments were directly introduced on an activated • alumina column. 
The pigments after separation were estimated colorimetrically by means of a 
standard curve of ^-carotene against 0‘04 per cent potassium dichromate. Tlie 
same curve was used for the estimation of all the pigments except for lycopene 
and neo-lycopene. The amounts of lycopene and neo-lycopene were determined 
by matching the solutions against O'OOl per cent methyl orange, the quantities 
being read off from a standard reference curve showing the relation between 
the colour intensities of different concentrations of pure lycopene and O'Oul 
per cent methyl orange. The results are expressed as fig./g- The vitamin A 
potency is expressed in I.U. per g. 
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The chromatograms of all tomato varieties showed the presence of five 
distinct loands. A typical Chromatogram is given here 

A TYPICAL CHROMATOGRAJI OP THE PIGMENTS OF TOMATO FRUIT. 

A narrow yellow band, xantliophyll. 


A broad red band, Ij’copene. 


A wide brownisb band, neo-lycopene. 


A wide reddish-orange band, /3-carotcne. 


A narrow orangisli-ycllow band, neo-^-enrofene B. 


The characterization of the various bands constituting the different pigments 
is given below ; — 

1. The pigment of this band was taken to be xanthophvll as was shown 
by mixed chromatography and as it could be removed by phasic separation with 
methanol. 

2. This was identified as lycopene by its absorption spectra. 

3. This represents neo-lycopene, an isomer of Ij’copeno. 

•1. The pigment of this band was identified as )5-carotcne by its absoriition 
spectra. 

5. This rciuescnts an isomer of ^-carotene, called neo-carotene B bv Poltrar 
and Zechmeistcr (11)12). ' ° 

The analytical data for the different carotenoid pigments are presented in 
Tables 1 and II. The former gives the carotenoid content of the parent varieties 



Table I. 

Carotenoid content of parent species of tomato fruits. 
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Carotenoid content of crossed varieties of tomatoes. 
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which represent fixed selections from an intcr-specific cross between the cultivated 
varieties, Lycopersicon escuhntwn and the wild varieties, Lycopersicon pimpinelli- 
folium. This includes Tsi, Ts^, Ts?, Tsi?. These varieties were fiirther crossed 
and the results of these inter- varietal crosses are reported in Table II. 


Discussion, 

Pigments isolated and identified in the different cross-breeds of tomatoes 
include xanthophyll, lycopene, neo-lycopene, ^-carotene and neo-/S-carotene B only. 
No additional bands appeared. Consequently, a-carotene y-carotene, and pro- 
lycopene reported by Zechmeister et al. {loc. cit.) and ^'-carotene reported by 
Nash and Zscheile [loc. cit.) and Zscheile and Porter {he. cil.) were not discovered 
or identified. 

The concentrations of lycopene and /S-carotene varied greatly in the many 
species examined. ’ Neo-l 3 mopcne concentration is principally a function of the 
lycopene concentration. Usually 1 /ig. of neo-lycopene is found to every 3 jug. to 
4,/4g. of all trans-lycopene. Neo-^-carotene B, the isomer of /8-carotene, too is a 
function of ^-carotene content. About W per cent to 25 per cent of /S-carotene 
fraction obtained by chromatogi'aphic separation is neo-j8-carotene B. 

The data in Table I would indicate that the carotenoid content of the jiarent 
tomato species could be divided into three categories : — 

(i) The one which contain high amounts of lycopene and its isomer, 
neo-lycopene, but low amounts of. ^-carotene and its isomer, neo-i8-carotene B. 
As for example is the case with tomato species Tsiv. This species contains the 
highest amount of lycopene, neo-lycopene and thus the total carotenoid pigments 
being 6T to 18P8 /^g./g., O'O to 54‘8 jttg./g. and 13'9 to 253’5 jug./g. respectively, 
but jS-carotene and its isomer, ne.o-8-carotene B, are present to the extent of 
2’7 to 10'5 nS-/S- b2 to 2'2 pg./g. The vitamin A potency has been found to 
vary between 5’5 and 19'3 I.U. per g. 

(ii) Secondly, the one with low amounts of lycopene and its isomer J)ut with 

comparatively higher amounts of ^-carotene and its isomer as is found in the 
case of species Tsj and Ts^. In these two species, the amounts of lycopene, 
neo-lycopene and the total carotenoid pigments vary between 4'8 to 89’7 fig./g-, 
0*0 to 31*1 fig./g. and 13*9 to 134*6 /tg./g. for Ts^ species and 2*1 to 63*6 (ig-lg-, 
0*0 to 14*6 nS-IS- 103*0 ng.fg. respectively for Ts^ species, ^-carotene 

and neo-^-carotene B in these two species are present to the extent of 2*6 to 13*1 
fig./g. and 0*8 to 2*2 yg./g. for Tsj and 2*5 to 16*6 fig./g. and 0*0 to 1*2 y^g./g- for 
Ts 4 respectively. 

The vitamin A potency shows a variation range from 5*1 to 23*7 I.U. per g. 
in the case of Tsi species and 4*2 to 28*7 I.U. per g. in the case of Ts^ species. 

{in) Thirdly, the one which contain low amounts of both lymopene 
isomer as well as j8-carotene and its isomer as is the case with the species Isv 
and Earliana. In species Ts?, the amount of lycopene, neo-lycopene and the 
total carotenoid pigments vary between 1*4 to 74*0 yitg./g., 0*0 to 23*2 r-g-lg- 
8*3 to 108*6 fig-lg. respectively, while that of /8-carotene and neo-^-carotene B 
between 2*6 to 6*7 ixg.jg. and 0*0 to 2*2 /ug./g. respectively. In species Earmna 
likewise, lycopene, neo-lycopene and the total carotenoid pigments are found to the 
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extent of I'S to 62-1 ;ig./g.,_0-0 to 17-3 ^tg./g., and S'S to 90-9 ng./g., respectively, 
whereas jS-carotene and its isomer neo-jS-carotene B are present to the extent of 1‘7 
to 6-9 ns-lg. and Q'i to 2-1 /xg./g. respectively. 

The vitamin A potency in these two species, Tsv and B'lrliana, vary between 
4'3 to 12'4: 1.U. per g. and 3'2 to 13T I.U. per g. 

Tlie- amount of xanthophyll, however, could not be correlated to any of the 
species. 

A comparative study of Tables I and II reveals some interesting results on 
the effect of crossing . on the lycopene and jS-carotene content of tomatoes. The 
data indicate that lycopene content of the crosses, in general, is intermediate 
between the two parent species hut the quantity of ^-carotene and thereby the 
vitamin A potency of the fruit is depressed and is lower than either of the two 
parent species. The crossed species Tsj x Ts^ and Tsjt X Tsj have a lycopene 
content of 135-9 ag./g. and IIM /xg./g. and a ^-carotene content of S'? /xg./g. 
and 6-9 /tg./g., while the parent species Tsj and Tsi 7 have a lycopene content of 
89-7 /ig./g. and 181-1 /ig./g. and a ^-carotene content of 13-1 ^g./g. and lO'S jug./g. 
respectively. The vitamin A potency of the parent species Tsi and Tsjr is 23-7 

and 19-3 I.U. per g. respectively, while that of crossed species Tsi X Tsir and 

Tsn X Tsi is lG-0 and 13-2 I.U'. per g respectively, which is lower than either 
of the two parent species. 

Similar is the case with the crosses Tsj x TS 4 , Tsjr X Ts.i and Tsj? x Tsr. 

In these, lycoj^ene is present to the extent of 87-0, 90-0 and 99-8 ^g./g. and 

^-carotene to the extent of 11-2, 8-8 and 6-6 /tg./g. respectively. The vitamin A 
potency in these crosses is found to bo 21-6, 16-1 and 12-4 I.U. per g. respectively. 
The values of lycopene are intermediate between the two parent species and the 
vitamin A potencies are lower than either of the crossed species. 

In the case of the crossed species Tsn X Earliana, both lycopene and ^-carotene 
h.avc intermediate values as compared to the two parent species and the quantity 
of j5-carotono is not lower than cither of the species as is the case with other 
crosses. In this, lyco^jcnc and ^-carotene are found to be 141-1 and 9-3 jug./g. 
respectively, whereas the parent species Tsn and Earliana have a lycopene 
content of 181-8 and 62'1 /ig./g. and a jS-carotene content of 10-5 and G-9 ng.jg. 
respectively. The vitamin A potencies of the parent species Tsi 7 and Earliana 
are 19-3 and 13’1 I.U. per g., while that of the crossed species is 16-9 I.U. per g. 

In the case of crossed species Tsi x TS 7 , however, it is found that the amount 
of lycopene is greater (and not internrediate) than- cither of the two parent species, 
whereas jS-caroteue is intermediate (and not lower) as compared to the two parent 
species. In this cross, lycopene is present to the extent of 143-1 /xg./g. and 
^-carotene to the extent of 9-7 fig./g., while the parent species Ts^ and Ts? have a 
13 -copcnc content of 89-7 and 74-0 yg./g. and a jS-carotene content of 13'1 and 
G-7 /»g,/g. respectively. The vitamin A potency of the crossed species is 17-7 I.U. 
per g., while that of parent species is 23-7 and 12’4 I.U. per g. respectively. 


( Svi55M.\RY. 

The carotenoid pigments and the vitamin A activity of some cross-breeds 
of cultivated and wild varieties of tomatoes and the effect of further inter-varietal 
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crossing , on the carotenoid content have been investigated. The concentrations 
of lycopene and j3:carotenc varied greatly in the many species examined. Some 
species contain higher amounts of lycopene witli low amounts of ^-ca,roteue, while 
others with comparatively lower amounts of lycopene but higher amounts of 
jS-carotcne and still others wdth comparatively lower amounts of both lycopene 
and i3-carotene. 

In inter-varietal crossing, generally lycopene has intermediate values as 
compared to the parent species, ■whereas ^-carotene content is depressed. In the 
case of the crosses Ts^ x Ts; and Tsit X Earliana, however, /3-ca.rotene content 
lUlso increases and has intermediate values as cpmparod to the parent species. 
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The carotenoid pigments of a number of different varietie.s of mangoes liave 
been reported earlier (Sadana and Alimad, 1946). It was found that the vitamin A 
content of mangoes varied widely from one variety to the other. Mango fruit 
generally is not allowed to ripen on the tree as it is liable to drop down before it 
is ripe and thus get spoiled. It is also open to the attack of birds. Therefore, 
there is'a tendency on the part of the growers to pluck the fruit soon after it is 
mature to avoid losses from storms, insects, birds and other pests. After pluckhig, 
it ripens on storage under hay, the temperature rising to a range between 30°O. 
and 42°C. Under these conditions the cellular activity continues and the ripening 
changes talce place. 

Ufango is one of the most valued tropical fruits and is a rich source of 
vitamin A. Earlier observations on the increase in the total hydrocarbon pigments 
of mango during ripening have been made by De (1937), Ranerjee and Ramasarma 
(1938) and Ramasarma and Banerjee (1940). We have now investigated the 
changes that occur in individual carotenoid pigments during ripening and have 
also studied the factors that influence the vitamin A content of the fruit. 

The following three varieties of mangoes were chosen for the investigations 
reported in this jiajier 

(i) SaroU mango which was found to be the variety’ richest in carotenoids. 

(ii) r/mun.'u mango which is moderatclv rich. 

(ill) Ih'si mango which is also moderately rich in carotenoids. 

j, MU ( 193 ) G 
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Experimental. 

The procedure followed for the complete extraction and isolation of the various 
carotenoid pigments is described in an earlier paper (Sadana and Ahmad, ho. cU.). 

The different pigments isolated and identified from Sctroli mangoes were 
xanthophyll, jS-carotene, neo-jS-carotene U and neo-^-carotene B, but in the case 
of Desi variety mangoes, neo-^-carotcnc U was found to be absent but one 
additional band of neo-xanthophyll was detected. A typical chromatogram and 
the detailed characterization of the various carotenoid pigments constituting the 
different bands are also described in that paper (Sadana and Ahmad, he. cU.). 

Saroli manooes. 

The first lot of Saroli mangoes was plucked in the first week of June, when 
the mangoes were still growing in size and were coinpletely unripe. The second 
lot of Saroli mangoes was plucked near the end of the month when the fruits had 
reached the mature-green stage and when they are usually removed from the tree 
by the growers. They were still completely unripe. The first lot consisted of 
20 mangoes and the second lot of 30 mangoes. All the mangoes were plucked 
carefully, were almost equal in size and were obtained from the same tree. These 
were kept in a wooden box and allowed to rijien at room temperature. 

Samples were taken at random and determinations were made for the 
individual carotenoid content of the pulp during the 4th, 6th, Sth, 10th, 11th, 12th, 
13th and 15th da}*^ after plucking. It was found by trial that rejiresentative samples 
could be had by taking longitudinal sections of the flesh for the estimation. 

Analytical data regarding the individual carotenoid content of the first lot 
of Saroli mangoes which were not quite mature when jffucked in the first week 
of June, during different stages of ripening, are given in Table I. Results of 
analyses for the second lot of Saroli mangoes, plucked at the mature-green stage 
near the end of June, are shown in Table II. 

Desi MANGOES. 

Twenty unripe mangoes of Desi variety of almost the same size were carefully 
plucked from the same tree. A batch of the fresh, mangoes were immediately 
analysed for the various carotenoid pigments jmesent. The remaining mangoes 
were kept at room temperature and analysed after every two or three days during 
successive stages of ripening. The results are summarized in Table III. 

Chounsa mangoes. 

Fortj^ Cliounsa mangoes of almost the same size were plucked from a tree 
while these were still in an unrijie state. One-half of these mangoes was kept 
in a wooden box at room temperature and the second half at 42°0. and allowed 
to ripen separately. Samples from the two lots were taken at random separately 
and the changes that occur in the different individual carotenoid pigments 
determined at successive intervals. In a few mangoes of each lot putrefaction 
had set in and these mangoes were discarded. The analytical data regarding the 
individual carotenoid pigments for the mangoes ripened at room temperature are 
given in Table IV and for those ripened at 42°C. in Table V. 



Table T. 

Carolrtinid pifjm€vls of Saroli mawjoci timing different stages of ripening on storage at room temperature. 

First, lot. 
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Table II. 

Carotenoid pigments of Saroli mangoes during different stages of ripening on storage at room tem^^endiire. 

Second lot. 
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Table V. 

Cdwleiwid pigments of ('hounsa mangoes during different stages of ripening on 
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Discussion and conclusions. 

The resulfs of chromatogrc'ipfiic separation and estimation of the carotenoid 
pigments of /Smvil, Dcsi and Choimsa mangoes, summarized in Tables I to V, show 
that all the carotenoids increase during rijjening. The change in the colour of the 
pulp from pale yellow to, rich reddish-yellow is a fair indication of the increase 
in carotenoid content. 

In the case of first lot of Saroli mangoes pluckerl when these were still growing 
in size, it is found that the fruit attains the maximum concentration of carotenoids 
in about 15 days, whereas those plucked after attaining the mature-green stage, 
the maximum concentration of carotenoids is reached in 12 days. • The increase 
in the amount of the different carotenoids is almost of the same order in both 
lots of Saroli mangoes examined. Tlie concentration of neo-^-carotene B, an 
isomer of ^-carotene, is found to be principally a function of the /8-carotene concen- 
tration. Usnalh’- one /ig. of neo-^-carotene B is p7’e.sent to every 5 fig. to 7 fig. 
of /3-carotenc. Neo-/8-carotene U, another isomer of ^-carotene, too is a function 
of ^-carotene concentration. In general, about 10 to ID per cent of the l3-carotene 
fraction obtained after chromatographic separation is nco-^-carotene U. 

The amount of _^-carotene increases from 3-9 ng./g. when unripe to 96-3 /ag./g. 
when it was completely ripe. There was also a steady increase in the amount of 
the two isomers of |3-carotene, neo-jS-carotene B and neo-, 8-carotene U ; as the fruit 
ripens, the increase being 0’8 to 19'2 pg./g. in the case of neo-/8-carotene B 
and ri to 7*3 pg./g. in the case of neo-|^-carotene U. Unlike tomatoes and 
leafy vegetables, the amount of xanthophyll also increases steadily as the fruit 
ripens, the increase being 6 ‘7 to 42 ‘1 /tg./g. Vitamin A potency had increased 
from 7‘5 to 161-5 LU./g. in the case of first lot of Saroli mangoes, and from 
7-6 to 179'5 I.U./g. in the case of second lot of this variety examined, 

Desi mangoes also showed a similar steady increase in the amount of all the 
carotenoid pigments as the fruit ripens though the amount of total as well as 
individual carotenoids is much less as compared to Saroli mangoes. In this variety 
of fruit, neo-^-carotene U could not be detected but an additional band of neo- 
xanthophidl was found to be present. 

The amount of /8-carotene increased from 1'7 to 12'1 fig./g., while that 
of neo-/S-carotene B from O'd to 4‘1 ng./g. In this variety, however, the 
amount of xanthophyll increased to a greatej- degree than /8-carotene as compared 
to Saroli mangoes, the increase being from i’7 to 17-4 /ag./g. 

The amount of vitamin A potency increased from 3 '2 to 23'G I.U. per g. 
during this interval. 

In the case of Chounsa mangoes, it is found that mangoes ripened at^ 42 C. 
in 11 days are higher in total as well in individual carotenoids than those ripened 
at room temperature for 11 da}^s. This is probably due to the fact that pigments 
are synthesized at a greater speed in mangoes ripened at 42°C. as compared to 
mangoes ripened at room temperature. %]e amount of ^-carotene increased 
from 0-2 to 10'5 ng.lg. in 11 daym in mangoes ripened at room temperature, wmle 
those ripened at 42°C. increased from O'G to M'S /ag./g. in 11 days. During tins 
interval, xanthophyll showed an increase from 1-8 to 16-3 yg./g. in mangoes npenec 
at 42°C. as compared to O’S to 9*7 /ug,/g, in mangoes ripened at room temperature, 
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The vitamin A potency increased from 0’3 to 20'0 T.U. per g. in the 
case of mangoes ripened at room temperature, while from I'O to 29T I.U. per g. 
in the case of mangoes ripened at 42°0. 

It is found that, while all the pigments are synthesized during ripening, 
/3-carotene increases at a greater rate than any other pigment. The ratio of 
xanthophyll to ^-carotene in the unripe mango gradually decreases during the 
process of ripening. The synthesis of ^-carotene proceed at the rapid rate of 
5-0 to lO'C /xg./g. of tissue in 24 hours. Thus, an average-sized mango may 
synthesize as much as ],200 /ig. of ^-carotene in a day. The rate of synthesis, 
of course, varies in different varieties within a certain range. 


Summary. . 

The changes occurring in the individual carotenoid pigments of three varieties 
of mango fruit during different stages of ripening are reported in this paper. It 
has been observed that all the carotenoid pigments increase during ripening, 
^-carotene increasing at a greater rate than any other pigment. Unlike tomatoes 
and leafy vegetables, xanthophyll also shmvs a similar gradual increase as the 
fruit ripens. An average-sized mango may synthesize 1,200 fig. of |8-carotene in 
24 hours. 
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The fortification of staple foodstuffs has been undertaken extensively in 
Europe and is now well recognized as a means of producing adequate nutritional 
factors to the population on a large scale. Vithmin A is already deficient in the 
diet of the Indian people. Since ghee is becoming scarce in the country and more 
and more of hydrogenated fats are entering into the dietary of the population, 
the fortification of edible fats with vitamin A is a matter of considerable 
importance. 

Carotene is found widely distributed in nature and in some instances, notably 
carrot, in sufficient concentration and availability to warrant the development 
of processes for its commercial isolation. Since vitamin A and carotene are 
subject to destruction, it is essential that they should not be added to foods in 
which they are not relatively st.ible or the destruction be inhibited to the fullest 
degree. Evidence to date has established that tocopherols and allied substances 
in association with phosphatidic materials are largely responsible for the stability 
exhibited by natural vegetable oils, Olcott and Emmerson (1941) showed that 
tocopherols arc increasingly effective as anti-oxidants in lards in the order alpha, 
beta and gamma ; gamma-iovm having three times the anti-ox_vgenic index of 
a-tocophcrol and the activity of )3-tocopherol being intermediate between the 
other two. Esters of tocopherols were, however, "ineffective as anti-oxidants, 
haler. Bird (1911), Sullmann (1941) and Quackenbush, Cox and Steenbock (1942i 
have shown a-tocopherol to be an effective anti-oxidant for vitamin A and carotene 
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Hume cand Smcdley-Maclcan (1930), Olcovich and ^fattill (1931) and Morgal, Byers 
and Hiller (1943) reported liydroquinonc at O'Ol and Od per cent levels to be very 
effective in retarding carotene decomjjosition. Broadway and Mattill (1934) 
reported that crude carotene is usualh'- accompanied by natural anti-oxidants and 
this is true of carrots. Olcott and Hattill (193G) pointed out that many leafy 
green vegetables contain vitamin hi which are concentrated along with the carotene 
and sterols in the unsaponifial)lc fraction. Therefore, to compare the stability 
of carotene when incorporated in vanaspati. investigations reported in this paper 
were undertalccn to determine the relation between the rate and extent of 
destruction, with or without the addition of anti-oxidants and when kept under 
various conditions. This will bring to light any similarity between the action 
of added anti-oxidants used and of those naturally occurring in carrots. 


Carotexizeu ghee. 

The carotenized ghee was prepared by adding dc-hydrated carrots to hot 
vanaspati followed )ry decantation and filtration. 


Expbkimextal. 

The ghee ^\'as put into twelve glass-bottles and six ordinary cigarette' 
tins. These bottles and tins were then scaled with bees-wax and kept under the 
following different conditions : — 

(1) At room temperature, in light, in a glass-bottle. 

(2) At room temperature, in dark, in a glass-bottle. 

(3) At room temperature, in a tin. 

(4) At room temperature,^^ in light, with a-tocopherol, in a glass-bottle. 

(5) At room temperature, in dark, with a-toeopherol, in a glass-bottle. 

(6) At room temperature, in light, v.dth ethyl gallate, in a glass-bottle. 

(7) At room temperature, in dark, with ethyl gallate, in a glass-bottlC' 

(8) At room temperature, with a-tocopherol, in a tin. 

(9) At room temper^'ure, with ethyl gallate, in a tin. 

(10) In refrigerator, in light, in a glass-bottle. 

(11) . In refrigerator, in dark, in a glass-bottle. 

(12) In refrigerator, in a tin. 

(13) In refrigerator, in light, with a-tocopherol, in a glass-bottle. 

(14) In refrigerator, in dark, with a-tocopherol, in a glass-bottle. 

(15) In refrigerator, in light, Avith ethyl gallate, in a glass-bottle. 

(16) In refrigerator, in dark, with ethyl gallate, in a glass-bottle. 

(17) In refrigerator, Avith o-tocopherol, in a tin. 

(18) In refrigerator, with ethyl gallate, in a tin. 

The anti-oxidants, a-tocojiherol and ethyl gallate, Avere added at OT per cent 
leA^el based on the Aveight of the oil. 
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0-14 27-3 10 I 81 0-11 27-7 10 79 (i-00 29-1 



Table T — contd. 

Slahilily of added carotene in vanaspati during storage at room, temperature. 
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6-72 20-6 ,10 79 GAO 23-4 10 70 (>-2C 26-1 



Table I — concld. 

Slabilil’j of mhUd carotene in vanaspali during storage at room temperalure. 
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Table II. 

Stability of added carotene in vanaspati during storage in refrigerator. 
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Method of analysis. 

A 10-g. sample of accurately weighed ghee was transferred to a 500 c.c. 
digestion flaslc and 200 c.c. of 30 per cent ethanolic potassium hydroxide added 
to it. It was then refluxed over a water-bath for 45 minutes while still hot, 200 c.c. 
of water were added to it and allowed to cool under water. The ethanolic water- 
solutioji was transferred to a separa tory funnel and about 150 c.c. of petroleum ether 
were added to it and shaken thoroughly. After complete separation of the two 
layers, the alcoholic solution w'as drawn off and a fresh portion of petroleum ether 
was added. This process was continued until no more pigment was extracted 
into the petroleum ether layer. The combined petroleum ether fractions were 
washed with water until last traces of alkali and alcohol w^ere removed. The 
combined extracts were dried over anhydrous sodium sulphate, concentrated to 
a small volume under reduced pressure in an atmosphere of nitrogen. The 
concentrated solution was finally drawn through an aluminium-oxide adsorption 
column, and washed with a little petroleum ether containing 20 per cent benzene. 
A layer of anhydrous sodium sidphate (0‘5 cm.) was placed above the adsorbant 
and the column was washed with a little petroleum ether before the extract was 
poured in. The column was pushed out and jS-carotene band eluted W'ith 3 per 
cent ethanol-petroleum ether mixture. The eluate was made up to volume and 
its amount estimated calorimetrically using 0‘04 per cent K 2 Cr 207 as the standard. 
The results are expressed as frg./g. 

Stability tests were run on the same samples for about 135 days. At appro- 
priate intervals, samples were taken from different bottles and tins and analysed 
for ^-carotene content. The values for individual determinations for the percent- 
age loss in )3-carotenc at room temperature and in the refrigerator for the various 
samples are recorded in Tallies I and II. 


Discussion. 

The data in Tables I and II show that both a-tocoplierol and ethyl gallate 
at OT per cent level are ineffective as anti-oxidants for carotene stabifity. The 
ineffectiveness of the added anti-oxidants is presumably because the carotenized 
ghee already contained sufficient amount of anti-oxidants which are extracted 
along ^yith carotene so that addition ol a-tocopherol and ethyl gallate, in the 
quantities used, did not practically add to the carotene stability. 


Summary. 

Carotene derived from carrots contained sufficient amount of naturally 
occurring anti-oxidants and little protectioii was observed by additional anti- 
oxidants at OT per cent level. 
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Introduction. 

The essential nature of the elements, such as calcium, phosphorus, magnesium, 
iron, copper, manganese and others, for the proper nutrition of the human body 
has long been established and their requirements have been investigated by 
different workers. These elements are not taken singly but are taken together 
with our daily diet. It is not improbable that the elements may have some mutual 
influence in their metabolic behaviour. 

The present investigation was, therefore, undertaken to make a systematic 
study of the mutual effect of the above elements in metabolism by direct balance 
experiments on human subjects. 

The problem assumes considerable importance in view of the fact that large 
doses of calcium salts arc ingested in the treatment of rickets, osteomalacia, etc., 
and large doses of iron salts are administered in the treatment of anaimin and it 
is not unlikely that the excess intake of calcium, iron and other salts may influence 
the metabolism of the others to a considerable extent. 

Experimental. 

The experiments were conducted on .six normal adults, their ages varj-ing 
from 24 to 28 years and their weights from 45 to 50 kilos. The composition of the 
Iiasal diets is indicated in Table 1. In each series of the experiments the cereals 
and pulses were taken from the same stock every day and aliquots of vegetables 
and lish taken daily were pooled for analysis. Svith each particular experiment 
the experimental subjects were daily given carefully weighed diets which they 
consumed in to!o in two portions. 
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Table I. 

Composition of the diets. 


(Tlie figures are expressed in grammes.) 



Bice-fish 

Vegetarian 

Vegetarian 


diet. 

rice diet. 

whole-wheat 

Name of the foodatufT. 



diet. 


. (DI). 

(D II). 

(D III). 

Kicc 

Whole-wheat 

550-G00 

GOO 

50O-C00 

Pulse 

CO 

100 

70-90 

Fiah 

Vcgctablea •. — 

70 

... 

... 

Potato 

100 

100 

100 

Brinjal 

Bean 

Patol 

Pflmphin-gourd ... 

o 

o 

♦100 

*100 

Sugar 


• >» 

50 

Mustard oil 

30 

30 

• > • 

Ghee (butter-fat) 

... 

• •• 

30 


* For any particular o.xperiincnt any two of the four items each weighing 50 g. 
wore selected. 


The subjects v/ere fed on the basal diets for six days and supplementation 
with calcium, magnesium, iron and manganese salts was continued for a fmiher 
period of 3 to 6 days. Each period included 3 consecutive days and the chrono- 
logical order of the experimental periods is denoted by the arithmetical numbers ; 
period I, which does not figure in the table, must be assumed to be the preliminary 
period. The technique of the exjreriment was the same as reported in our previous 
communication (Basu, Basak and Dc, 1941) from this Laboratory. 

Special precautions were taken to avoid the possibility of iron, copper and 
manganese contamination. Aluminium vessels were used for the purpose of cooking 
of the diets and collecting and drying of the faeces. The analysis of the above 
elements was carried out with re-distilled water in a specially prepared glass-room 
of the Laboratory. 

The following methods were adopted for the analysis of foodstuffs, urine, and 
fseces : — 

Calcium and phosphorus ; ‘ Practical Physiological Chemistry,’ 
by Hawk and Bergeim (1938). 

Magnesium : With 8-hydroxyquinolin reagent by the nietliod of Green- 
berg and Mackey (1932) as modified by Hummel, et al. (I93fi). 

Iron : By the method of Farrar (1935). 

Copper : With 2 : 4 dithiocarbamate reagent by the method of Cal an 
and Henderson (1929) as modified b}'’ Hoar (1937). 

Manganese : With potassium periodate reagent by the method of Skinner 
and Peterson .(1930). 
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Resul'ts. 

— Effect of calcium on the melaholism of magneshm, phosphorus, iron, copper 
and manganese. — ralcium-iron antagonism was first suggested by Rose and 
Vahiteich (1932) and their view was further supported by the work of Slielling 
and Josheps (1934) and Kletzein (1940) done on rats and other laboratory animals. 

The disease of perosis in chicks and turkeys was previously regarded as due 
to dietary deficiency of manganese, • and the observation of Wilgus, Norris and 
Heuser (i937), Wilgus and Patton (1939) and others that high calcium in the diet 
.aggravates the disease led to the assumption that calcium affects manganese 
utilization. Hammond (1936) placed the responsibility upon the excess of 
phosphorus in the diet, while Schaible, Bendermer and Davidson (1938) pointed 
out that both calcium and phosphorus in high doses are responsible for increasing 
the incidence of perosis. The work of the above investigators in the study of the 
causative factors for the development of perosis has, however, indicated a mutua 
antagonism between calcium and manganese, and phosphorus and manganes 
in metabolism. 

The mutual effect of calcium and magnesium in metabolism has also been 
studied in different laboratories but the results obtained show great discrepancy. 
In contradiction to the observations of Malcolm (1905) that high calcium in the 
diet docs not affect magnesium, excretion, Heller and Haddard (1936) and Tufts 
and Greenberg (1938) showed that high calcium intake reduces magnesium 
retention and increases the severity of its deficiency. 

To get more precise information about the role of calcium on the utilization 
of other nutritionally essential elements such as magnesium, phosphorus, iron, 
copper and manganese, some balance e.vperiments have been performed by adminis- 
tering high doses of different calcium salts along with the basal diets. The results 
presented in Table III show that calcium ingested in the form of lactate, gluconate, 
oxide and milk decreases the retention of magnesium, iron, copper and manganese 
to an appreciable extent. The effect on phosphorus metabolism was studied by 
ingestion of calcium in the form of lactate and the results obtained (see Table II) 
show that high dose of calcium salt is also detrimental to phosphorus metabolism. 

Table II. 


Shonnng the effect of calcium as lactate on the metaholism of phosphorus. 
(The figures indicate the daily average values in mg.) 


1 j 

Supplement. 


PitosrrtoRcs 

METABOLISM. 

Period. 

Dietarv. , 

" ■ i 

Urinary. ' 
P • 1 

F-vcal. 1 

p ! 

' Balance. 

1 

(1.0. D. ... DU 

.Yi7. 

1 j 

1 Pit 

1,04S 

398 

1 

502 

+ 14S 
+ 70 

r>uu mp. t'a as 
Inctntc. 

1 

1 Avomge of Pill 
! and IV. 1 

i,o;s 

417 

501 

i 

(i.o.N. ... ni ...| 

KiU 

1.000 mp. Ca 

1 aslnctato. 

PII 1 

1,200 ' 

402 

584 

-LSOi 

Average of P 111 
and IV. 

1,200 

41S 

C03 

4-209 

1 
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Tlio extra copper and manganese were available from the milk supplement. 
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* The extra magncsiuan and iron were available from the betel leaves and nut with which the calcium oxide was ingested* 
































Table III — concJd. 

(C) Effect of calcium as oxide ingested with betel leaves and nut on the metabolism 

qJ copper and manganese. 

(The figures indicate the daily average values in mg.) 
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Tlio extra copper and manganese were available from the betel leaves and nut with which the calcium oxide was ingested. 
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B. — Effect of magnesimn on the iHiMzation of calcmm, 'phosphorus, iron, 
copper and manganese. — T]iere is nnicli controversy regarding the effect of high 
magnesium intake on the utilization of calcium and phosphorus. A group of 
workers such as Barbour and Winter {193]), Euler and Rydbom (1931) and others 
showed that magnesium could cure rickets and osteomalacia and Irring about 
improved calcium retention. Another group of workers, as Buckner, Martin and 
Insko (1932) and Cunningham (1933), on the contrary, observ^ed detrimental effect 
of magnesium on bone formation and calcium utilization. 

As regards its effect on the utilization of other nutritionally essential elements 
such as iron, copper and manganese, no information is available in the literature. 
Some human metabolic studies have, therefore, been jjerformed by administering 
high dose of magnesium salt with the diet to get a clear picture of the above subject 
of nutritional importance. The results of the experiment are shown in Table IV 
from which it will be observed that the administration of 500 mg. of magnesium 
as oxide with the basal diets decreases the retention of calcium, phosphorus, iron, 
copper and manganese to a considerable extent. vSince magnesium like calcium 
was found to possess similar antagonistic effect on the metabolism of other nutri- 
tionally essential elements, the view of Duckworth (1938-39) — ‘ Although chemical 
similarities exist between calcium and magnesium, it would be unwise to assume 
that under any given conditions, their behaviour in metabolism will be similar. 
There seems to be no reason to believe that the elements have nearly similar 
metabolic path ’ — does not seem to be correct. In the light of the present 
observations it may be suggested that strontium, berrylium and other elements 
possessing similar chemical properties as those of calcium should also behave alike 
in metabolism. The production of rickets in animals after, ingestion of the above 
elements as observed by Sobel el al. (1934, 1935, 1936) and others is most probably 
due to their antagonistic effect on the metabolism of calcium and phosphorus. 

C. — The effect of iron on the viilization of calcinm, gdiosphorm, magnesium, 
copper and nuwganese. — Iron-calcium antagonism had been demonstrated by Brock 
and Diamond (1934), Deobald and Elvehjem (1935) and others who by incorporat- 
ing ^a large dose of iron salt in the diets of the rats and chicks, observed severe 
riclcets and lowering of bone-ash in these animals. Barer and Eowler (1940), 
however, in their experiments on sixteen females did not find any effect of admims- 
tration of medicinal iron on the utilization of calcium and phosphorus. Some 
balance experiments have, therefore, been performed with high dose of iron salt 
in the diet to have clear information about the relation of iron to other elements 
in metabolism. It is evident from the results presented in Table V that the 
administration of 100 mg. of iron as ferrous ammonium sulphate and nearly 75_ mg. 
in the form of ‘ Fersolate ’ — a medicinal prejmration of Glaxo Laboratories— 
decreases the utilization of calcium, magnesium, phosphorus, copper and manganese 
to a significant extent. The results of the present investigation are in contradic- 
tion to those of Barer et al. {loc. cit.) but in good agreement with those of Eehm 
and ‘Vbnters (1940) who observed decreased utilization of calcium and phosphorus 
in rats due to addition of ferric chloride to the basal diet. Rickets in animals as 
observed by Cox et al. (1931) and other workers by ingesting high dose of iron salt 
with the basal diet is probably due to interference of the added dose m 
the utilization of calcium and phosphorus. 



Table IV. 

SIiowuiij the cffccl of magnesium oxide on the melabolism of calcitm, phosphorus, iron, copper and manganese. 
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Table VII. 

SJioviing the effect of high dose of calcium as lactate to sago diet composed of 550 g. sago, 200 g. sugar 
and 50 g. ghee (butter-fat) and having a low content of essential minerals. 

(The figures indicate the daily average values in mg.) 
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Manganese metabolism. 
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Since the elimination through faces in case of calcium, magnesium, phospliorus, 
iron and other elements represents not only the .unabsorbed food residue but also 
a large part of utilized minerals which, instead of being eliminated through the 
Iridney, find their ■way in the intestine, the possibility of the removal of the different 
elements from the bone, soft tissue or body-fluids due to ingestion of any one of 
them in excess Avith the rice and Avheat diets having a fair amount of minerals, 
cannot be ruled out. The negative balances of the different elements -which were 
produced in some cases Avhen any one of them was given in excess with the above 
diets, support further the possibility of the removal of the minerals from the body 
proper. This depletion of the body-reserves under the above conditions may hot, 
however, be very large in comjrarison with the removal of the dietary constituents 
before absorption through the intestine. 


SUMJUKY. 

1. Investigation carried out by ingesting large doses of different nutritionally 
essential elements with almost mineral-free sago diet and with rice and wheat diets 
of normal mineral content has shown that there is mutual antagonistic effect of 
calcium, magnesium, phosphorus, iron, copper and manganese in metabolism. 
Administration of a large dose of an}^ of the above elements with the diet increased 
the elimination of the others to a considerable extent. The increased excretions 
were found to occur mainly through’ faeces, 

2, Depletion of calcium from the bone after administration of excess 
magnesium salt and Auce versa is probably due to mutual antagom’sm of these two 
elements in metabolism, 

3. The increased elimination of the different elements found by adminis- 
tering excess calcium salt with the sago diet containing Amry negligible amount 
of minerals, is ascribed as due to loss from the body-reserA'es. 

4, In case of rice and wheat diets, containing a fair amount of minerals, the 
increased elimination of the different elements found by adininistering one of them 
in excess Avith others seems to occur mainly as a result of inhibition of the absorption 
of the dietary constituents through the intestine. 
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Thk existence of an alkaline phosphatase in ervthrocytes of a few species of 
mammals has been reported b)' the authors in a previous publication (Patwardlian 
and Ranganathan, 1947). Further studies on the enzyme form the subject of 
the present communication. 

Experimental. 

Separation of the acid and all’aline phosphatases of the erythrocytes. 

Freshly drawn oxalated blood was centrifuged and the plasma removed. The 
cell layer was _ stirred up with 7 c.c. to 8 c.c. of 0’9 per cent EaCl solution and 
centrifuged again. The su]iernntant saline layer together with as much of the upper 
buff layer as possible was pipetted out. The washing with saline and removal 
of the bull layer was repeated four to six times, at the end of which no while 
blood cell layer was visible. Th.i cells were packed by further centrifuging and the 
packed-cell volume read off. The cells were then hremolysed with the addition 
of alcohol-water (G : 4) mixtuic made up to ten times their packed volume and 
kc])t overnight at room temperature. The hremoly.sate was treated with .30 per cent 
of its volume of chloroform and the mixture shaken vigorously to firing about 
complete, jireeipitation of haunoglobin. Tlie alcohol-water Layer was removed 
by centrifuging, followed by filtration. A water-clear solution 'was obtained in 
which was found the enzyme. The activity of the prepanation (referred to 
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234 AUtaline Phosphatase in Erythrocytes. 

as prej)aration' A) was tested against sodium glycerophospliate as described 
below ; — 

The reaction mixture was made up of 5 c.c. of sodium glycerophosphate (0-88 
per cent) -f- 5 c.c., veronal-sodium acetate-TIOI buffer + 0-5 c.c. MgSOj 0 -I Molar 
solution -}- 2 c.c. enzyme preparation. The mixture was incubated at 37°C. for 
24 hours, de-proteinized with 25 per cent trichloracetic acid and the inorganic P 
determined in the filtrate by the Bell and Doisy (1920) modification of Brigg’s 
method. The results are given in Table I 

Table I. 


• The phosphatase activity of preparation A. 


Source. 

Packed volume 
of r.b.c. 

Final volume 
of aq. alcohol 

I PnospifATASE ACTivary ix mo. 

1 INOUOAXIC P IN 24 HOURS. 

I _ ___ 

• 1 

1 

in c.c. 

la 3 ’cr in c.c. 

At pH 9*. 

At pH 5*. 

Blank. 

Sheep ... 

1-5 

19-5 

i 

1 

119 

11 

j 

1 

I 4-4 

Rat 

0-0 

12-5 

' 146 

12 1 

12 

Pig ... 

2-0 

1 

■ 28-5 

101 

4-8 

4-8 

1 

Rabbit ... 

1-3 

18-2 

1 

1 

37 

... 

1 

3*7 • 

Guinea-pig 

0-75 

C-0 

143 

• 

8 

8 


* Kgures in columns 4 and 5 are corrected for blank. 


The method of separation described above resulted in a variable loss of 
enzyme activity of' the alkaline phosphatase together with nearly 90 per cent 
destruction of the acid phosphatase of the erythrocytes. These effects are described 
in the following experiment and illustrated in Table II. 

The hcsmolysate prepared as described above was divided into two halves. 
One portion was used as such for hydrolysis of sodium glycerophosphate and the 
other was treated with chloroform as in the previous experinient, the alcohol-water 
layer being used for hydrolysis. Reaction mixtures were made and treated as 
already described. 

It will be observed that the process of separation met with varying degrees of 
success. In some cases, there was an inactivation of the alkaline phosphatase 
which it was not possible to control, the recovery var 5 dng from 0 to 100 per cent. 
The former was particularly the case w;ith dog-blood. Blood from six different 
dogs has been treated for separation of the enzyme. In every case, there was 
appreciable activity in the haemolysate, but after treatment with .alcohol-water- 
chloroform, the resultan’t solution showed no activity at all. 
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Table IL 

The separaiion of erythrocyte acid and. alMine phosphatases. 



H/EMOLYSATE. j 

Pbepabatiok a. 

Percestaoe RECOVERA' IX 
PREP.ARATIOX A OF : 

Erythrocyte from 

At pH 9. 

At pH 5. 

At pH 9. 

At pH 5. 

Alkaline 

Acid 


Mg. inorganic P in 24 hours per 100 

c.c. r.b.c. 

phosphatase. 

phosphatase. 


80 

211 

20. 

Nil. 

25 

Nil. 

Sheep ... 

77 

211 

22 

Nil. 

29 

i Nil. 


115 

211 

114 

7 

99 

3 

R.-it ... 

249 

222 

135 

Nil ' 

1 

54 

1 

Nil. 

Pig 


130 

90 

Nil. 

89 

Nil. 

Rabbit 

40 

219 

33 

33 

83 

15 

’ 

Human 

55 

382 

35 

37 

04 

10 

113 

001 

51 

07 

45 

11 

Dog ... 

1 

75 

328 

Nil. 

Nil. 

Nil. 

Nil. 

G4 

332 

Nil. 

Nil. 

Nil. 

Nil. 


As has been observed earlier, tlio acid idiosphatase is almost completely 
scj)arated from the alkaline phosphatase bj’' this method. Attempts to extract 
the former from the protein precipitate liave not met with success. ’ Other methods 
of separation of the acid and alkaline phosphatases, such as adsorption by 
aluminium hydroxide, magnesium oxide, animal charcoal, Bhicherde, Fuller's earth, 
supcrfiltrol, etc., have not proved successful. 

Activation of the enzyme by Mg-ions. — Jenner and Kay (1931) had shown that 
phosphatases of mammalian tissues including the erythrocyte phosphatase were 
activabic by Jig-ions. This observation lias been confirmed with preparation A 
from the blood of animals of different species. The activating effect of Jlg”^"^ 
was, however, not very marked. The comparative figures for sheep, rat and 
guinea-pig are given below :• — 


Proparotion A from r.b.c. of: 


tVithout Mg 


Sheep 



tVitli Jtg 


17 


Gninc.a-pig 

Unt 


12 31 

13 ! 20 
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Effect of pH on the activity of the ebythkocyte alkaline 

PHOSPHATASE. 

The enzyme preparations olitained from slieep and guinea-pig erythrocytes 
-were wsed for this experiment. Reaction mixtures were made as described before, 
containing the same imffer of different pH values. TJie pliosphatase activity in 
terms of inorganic P released at 37°G‘. in 24 hours is given in Table III ; — 


Tablio III. 



It will be clear from Table III that in the preparations wheie the aikaliae 
phosphatase predominates, the highest activity is shown at pH 9*3 within the range 
tested. The activity decreased as the pH moved towards the acid side ; that of 
the hsemolysate on the other hand was maximum at pH 4-2. Since botii the acid 
and alkaline phosphatases are present in the hremoiysate and the former probably in 
larger concentration, the activity of the hssmolysate should represent the resultant 
of the two enzymes acting upon the substrate. The most favourable^ reaction 
for the acid phosphatase lies between pH 4 to 5 and hence the highest activity shown 
by the hsemolysate in that region. The activity of the hremolysate at pH 9'3 
is largely made up of the alkaline component and to a small extent also the residual 
activity of the acid phosphatase. 


Effect of inhibitoes. 

The effect of HaON, NaP and ZnS 04 was tested on enzyme preparations from 
sheep, guinea-pig and rat erythrocytes. The results are given in Table IV. _ Zinc 
sulphate gave a small amount of precipitate when added to the reaction niLvtare 
at pH 9-3, The experiment was, therefore, repeated with sheep and gmnea'p^o 
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r.b.c. preparations at pH 6-1 'wben also complete Inhibition, was obtained with 
ZnSOi in Jf/lOO concentration : — 

Table IV. 


The effect of inhibitors on erythrocyte allialine 'phosphatase. 


Enzyme source. 

pH 

Inhibitor. 

Percestage inhibition at : 

' M/200. 1 

j 

M/100. 

M/50. 


9-3 

ZnSO, 

100 

100 

100 


G-1 

ZnSO, 

80 

100 

100 

Sheep 







9-3 

NaF 

24 

i 

81 


9-3 

NaCN ! 

82 1 

1 88 

100 

f 

9-3 

NaF 

2 

2 

•32 

Rat 

1 

1 

1 



1 

9-3 

NaCN 

71 

1 

83 

89 

f 

9-3 

ZnSO, 1 

91 

100 ! 

100 

Guinea-pig ... ...t 

9'3 

NaF 1 


Nil. 

1 

1 22 

1 

9-3 

NaCN 

78 

i 81 ' 

i 

1 95 


Influence of rickets. 


lliksbit and Patwarclban (1917) have shown that, in rachitic rats, the serum 
aikaiine phosphatase underwent a marked deciease in activity as compared with 
the initial values. This observation was contrary to the finding in clinical rickets 
where the rise in phosphatase activity is diagnostic of even early rachitic proce.ss. 
In view of the fact that an enzyme showing optimum activity in the vicinity of 
I)H 9 existed in the erythrocytes and as the latter are in close contact with the 
plasma, a study of the erythroci-tc and plasma phosphatases as influenced by 
rickets was considered desirable. 


Eighteen rats, four to five weeks old and weighing between 35 g and 50 g 
were kept on the modified Schneider and Steenbock (1939) diet. On the first day’ 
blood was removed by heart puncture in an o.xalated tube ; the blood from two 
animals was pooled, tlie plasma separated by centrifuging and the cell-layer 
repeatedly washed. It was then hmnmlysed by dilution with water to ten times 
the packed-cell volume and allowed to stand overnight in jire.scnce of toluene 
OT) c.c. of ])lnsma was diluted to 10 c.c. 

o ,>o-^ w Tr'cn substrate in presence of 

O UOu V MgSO.,. Urn hydrolysis was earned out with cellular and plasma enzymes 

at pH 9 and pH 5 at 3t~C. for 21 hours. The results expressed in ternis of 
inorganic T liberated m 24 hours are given in Table V, 
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The same procedure was repeated at the end of 21 days during which the rats 
were on the rachitogenic diet. The rats were then • sacrificed and the tibial 
epiphyses examined afi.er silver-nitrate staining. 

Six rats from the group were kept as controls. Tlioy received from the first 
day of experiment 320 I.U. of vitamin I) j^er rat per day. Blood was taken from 
the heart on the first and the twenty-first day, samples from two animals, being 
pooled as before. On the 21st day they were killed and the epiphyses examined. 

The results arc given in Table V : — • 


TAunn V. 

Effect of rickets on hhod phosphatases. 


Particulars and rat 
number. 

Degree* 

of 

rickets, 

1 

ERYTHROCYTE 

PHOSPHATASE. 

PLASiMA PHOSPHATASE. 

Alkalikb. 

j Acid. 

! 

Adkauxe. 

. Acid. 

Initial. 

Final. 

Initial. 

Final. 


Final. 

Initial. 

a 

s 

Rachitic bats : 

1 

1 



I 






35 and 30 

-t-H 

139 

188 

964 

1,030 

942 

1 

518 

133 j 

128 

37 and 38 ... 

■+ -f -f + 

113 

104 

891 

916 

‘ 522 j 

29S 

136 

97 

43 and 44 

+ -|--f + 

104 

110 

698 

790 

617 

265 

136 

112 

45 and 46 

+ + + -}- 

124 

98 

769 

624 

746 

275 

160 

110 

47 and' 48 

-b + + + 

83 

126 

654 

772 

1 

970 

341 

152 

148 

49 and 60 ... 

+ + + + 

142 

105 . 

863 

711 

637 

239 

109 

i 

105 

CoNTHon Rats : 










1 and 2 

Nil. 

203 

174 

1,121 

1,150 

578 

. 583 

148 

117 

3 and 4 

Nil. 

174 

137 

1,177 

1,077 

550 

535 

156 

■ 127 

5 and 6 

Nil 

... 

... 


... 

677 

592 

... 

... 


1. Activity expressed in terms of mg. inorganic P liberated by 100 c.c. r.b.c. or plasma m 
24 hours at 37°C. 

2. Control rats received 320 I.U. vitamin D per rat per day. 

♦indicated by the ividth of the epiphyseal cartilage. 









S. Ranganatlian and V. N. Palwardhan. 


239 


Discusstox. 

The earlier workers Eoche and Bullinger (1939), .Tenner and Kay (loc. cit.) 
and Behrendt (1943) had tested for the phosphatase activity in the laked r.b.c. 
The proof of the existence of a separate alkaline phosphatase was not possible under 
these circumstances as the hsemolj’sate contained both the acid and the alkaline 
components. “FTom the data given in Table IT it is clear that the procedure adopted 
in this investigation has resulted in an almost complete separation of the alkaline 
phosphatase from its acid counterpart. Tables II and III also indicate the fact 
that the acid phosphatase is far more active than the alkaline component and the 
optimum pH for the two enzymes are far apart. It is true, however, that in the 
process of separation, the acid phosphatase undergoes almost complete destruction. 
The enzyme prepared by alcohol-chloroform treatment has the optimum pH in 

the alkaline range, is activable by Mg-ions and inhibited by ON ~ and Zn 
almost completely. 

In Table V are given the results of the experiments in which the effect of 
induced rickets on the cell and plasma phosphatases was investigated. The figures 
show that in severe rickets the plasma phosphatase showed 43 to 65 per cent 
decrease in activity over the initial values. As against this, the control animals 
showed a negligible loss of activity, if any. There were no other changes in the 
activity of the two cell phosphatases and plasma acid phosphatase attributable 
to rickets. Dikshit and Patwardhan {loc. cit.) had observed that in rachitic rats 
there was a considerable fall in the activity of the plasma alkaline phosphatase 
of the rats. This observation has been confirmed in the present investigation. 
Based on their findings, Dikshit and Patwardhan {loc. cit.) had e.xpressed doubts 
regarding the osseous origin of plasma alkaline phosphatase. As the plasma is 
in close coptact with the red blood cells, it was exj^ected that some correlation 
between the plasma and erythrocyte alkaline phosphatases would be found. These 
hopes have not been fulfilled as can be seen from the figures given in Table V. 
The question of the origin of plasma alkaline phosphatase, therefore, still rcinains 
open. 


Summary. 

1. The presence of an alkaline phosphatase in the red blood cells of sheep 

rat, pig, guinea-pig and man has been demonstrated. ^ ’ 

2. The alkaline component of the erj’throcyte phosphatases has been separated 

from the acid phosjihatasc and its conditions of action studied. ^ 

3. Zinc sulphate and sodium cyanide have been shown to exert a powerful 
mlnbilmg action on the phosphatase in M/200 concentrations. Sodium fluoride 
was found to be comparatively a weak inhibitor. 

_ 4 ._ In rat ricket s. the plasma alkaline phosphatase shows a very larce decreac:n 

change'''*^' ^ ulkalinc phosphatase sho;^•s no appreciSc 


for 


The author.s arc indebted to Mr. P. Natesan, Senior Lnboratorv -Vc.isf.nt 
tccnnic;il ns^istanco. -'--lisianr, 
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STUDIES ON SNAKE VENOMS. 

Part I. 

THE ISOLATION OF AN INHIBITOR. OF THE OYTOOHROME- 
CYTOCHROME OXIDASE SYSTEM FROM COBRA VENOM 
AND STUDY OF THE EFFECTS OF pH, TEiVPERA- 
TURE AND ULTRA-VIOLET RAYS ON 
ITS STABILITY. 

Jiy 

A. K. CHATTER JEE. 

(From the Dejmrlment of Applied Cliemistrii, Univcrsihj College of Science, 

Calcutta.) 

(Imjuirij binder the Indian Research Fwul Association.) 

[Received for publication, December 11, 194S.] 

It has been reported by Gliosli and Clialterjee (]948) tliat cobra venom 
contains an active principle responsilde for the inhibition of the cytochrome- 
cytochrome oxidase system in tissue-cells and that the active principle can be 
partially separated from the other constituents associated with it in the venom. 
The present communication deals with the .attempt at isolation of the active 
principle, from the crude venom and a study of its chemical properties. 


ExPEUI.MENTAb. 

Venom used. — The venom used was th.at of tlie cobra. The toxicity of the 
venom, ns determined in- intranuiscul.ar injection into ])igcons weifThiim about 
300 g., was O-l mg. ' ° 

Measurement of the aclivitij of the. inhibitor of egtoehrome oxidase sgstem. 

The activity of the inhibitor of the cytochrome oxidase system at the diflerent 
stages of its isolation from the venom was measured by comjiarintr its efTect on the 
cytochrome oxidase .sy.stem vith that [woduced by the venom. As a source of the 
enr.yme sy.stem, lugeon's brain tissue was employed. Immcdiatclv after kilJiiK' 

.T, MR ( 241 ) ' f, " 
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the animal, its brain was taken out, cooled on ice for several minutes and then 
chop 2 )ed and minced to a fine paste. 

The technique of ex’periment .■ — ^^Approximately 50 ing. portions of the finely 
minced and chopped pigeon’s brain were accurately weighed out and placed in 
separate Warburg’s flasks containing phosphatc-Einger-Locke solution of pH 
7’4 prepared by the method of Passmore et at. (1933). .An adequate amount of the 
venom or of the inhibitor also dissolved in pliosphate-Einger was added to the 
brain suspension. Suitable controls were kept. EO c.c. of 0'5 per cent solution 
of p'ldienylene diamine hydrochloride in phosphate-Einger, adjusted to pH 7'0. 
was kept in the side tubes where necessary. 0‘2 c.c. of 20 per cent KOH solution 
was kept in the inner cup of each flask together with a roll of filter-paper. Tlie 
total volume of liquid in each flask was 3‘0 c.c. T-he flasks were fitted to 
the manometers and shaken in a thermostat at 37 '5° ± 0T°C. for 1 hour 
and 30 minutes in presence of air. By this process, the brain was depleted of the 
major part of the substrates originall}' present in it and, moreover, sufficient time 
was given to the venom to produce its full effect. After the period of incubation 
was over, the sulistrate solution was tipped off from the side tube into the main 
compartmeiit, the level of liquid in tlie manometers was adjusted, the taps closed 
and the oxygen consumption was determined for 1 hour at intervals of 15 minutes. 
From the figures for ox 3 ’’gen consumption, the degree of inhibition of cjdochrome 
oxidase system by the venom or the inhibitor rvas calculated. 

Choice of a suitable unit . — For comparing the effect of the venom on the 
cytochrome oxidase system with that of the inhibitor, a suitable dose of the 
venom had to be chosen as the unit. In order to determine this unit, the 
effects of varying doses of the venom on cytoclirome oxidase s^’^stem were 
investigated by the technique described above. Table I shows the degree of 
inhibition of oxidation of p-phenylene diamine by pigeon’s brain in presence of 
different doses of cobra venom : — 


Table I. 

The effect of varying doses of the venom on 
cytochrome oxidase. 


Number. 

Amount of venom 
used, mg. 

Per cent inhibition 
of the oxidation 
of p-phenylene 
diamine. 

1 

0-005 

27-0 

2 

0-010 

44-0 

3 

0-020 

84-0 

4 

0-040 

90-0 
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Graph. 



Mg. venom added. 

Inhibition of the action of cytochrome oxidase i>y different doses of 
coi>ra venom. 


The relationship between the amount of venom used and the degree of in- 
hibition produced is shown in the curve. It is eVident that up to 0'02 mg. of 
venom, the percentage of inhibition is linearly related to the amount of venom. 
Above 0‘02 mg., however, the curve becomes flattened. Thus, an\’ dose of venom 
up to 0'02 mg. can be taken as the unit. For convenience, the unit was defined 
as that amount of venom or of the inhibitor, which when allowed to act on 50 mg. 
of finely chopped and minced pigeon’s brain-tissue for 1 hour and 30 minutes at 
37'5'’r. in air, would subsequently inhibit the oxidation of n-]G6 per cent solu- 
tion of p-phcuylenc dianriuc hydrochloride (neutralized) by the brain to the extent 
of -IT) per cent to 50 per cent in 1 hour. By trial, the unit was found to be O'Ol 
mg. of dry cobra venom. 

Srjxiration of (he active jirinciplc . — One gramme of crude cobra venom, dis- 
solved in 100 c.c, of distilled water, was adjusted to nil 0‘0 and treated with 
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20 g. of pure NaCf. The solution was kepi warm for about 30 minutes and then 
filtered. , The ])recipitat,e was dissolved in 50 c.c, of water, the pH adjusted to 
9'0 and 10 g. of NaOl were added. The solution was filtered ofi and this filtrate 
combined with the first one. To t.he combined filtrate, dilute HoSO.; was added 
to lower the pH to 2'0 and the solution was filtered off. The precipitate was 
dissolved in 50 c.c. of w’ater, the j)!! adjusted to 3'8 and 8g. of anhydrous HaoSO^ 
W'ere added in small amounts at a time. The solution was filtered and the fil- 
trate was set aside. The jrrecijnlate was dis.solvcd in 25 c.c. of W'ater at jrH 3‘8 
and 4 g. of anhydrous Na^SO.) were .slowly added. Jt w'as filtered and the 
precipitate W'as discarded. I'hc combined filtrates were treated with 4‘5 g. of 
anhydrous NasSO^ and filtered, fl'lic .solulion was filtered and the filtrate rejec- 
ted. The preci])itate was dissolved in 10 c.c. of water, the pH adjusted to fi'O, 
the solution cooled to l°f!. and treated with 15 c.c. of a saturated solution of 
(HH 4 ) 2 SO.j. The .solution was filtered and the filtrate rejected.' The residue 
w^as dissolved in 10 c.c. of water and the solution was cooled to 1°0. and the pH 
adjusted to 4‘0 and S'5 c.c. of a saturated .solution of (NH.}) 2 S 04 were added 
drop by drop. After allowing the precipitate to .settle for about an hour at 1°0. 
it Avas filtered off and dried. This final jirecipitatc had an activity of 33 per cent 
and a protein content of 2i2 per cent •with re.spert to crude venom. Thus, for 
the same nitrogen content it ■was IG times more active than the crude venom. It 
w'as found to be completely free from haemolysin and choline esterase, but was 
contaminated with traces of cardio-toxin. 

Table II shows the relative percentages of protein and the inhibitor at 
different stages of its isolation from the crude venom : — 


Table IT. 


.Stage. 

Precipitate and liow it wn.s obtained. 

PnOTEIN. 

Activitv. 





Per cent. 

Per cent. 

} 

Crude venom 

91-70 

100 . 

2 

j 

Precipitate obtained from the venom solution at pH 2‘0, 
after removing some of tlie proteins by 20 per cent NaCl 
at pH 9-0. 

45-60 

90 

3 

Precipitate obtained from the solution of the precipitate 
(2) bj' 22 per cent Na^SO^ at pH 3'8, after rejecting 
the precipitate Avith 1C per cent NajiSO< at the same 
pH as above. 

7-52 

1 

i 65 

4 

1 Precipitate obtained bj' dis.solving the precipitate (2) and 
precipitating u-ith 22 per cent Nn„SOj at pH 3’8. 

5-95 

50 

5 

Precipitate obtained by dissoh’ing the precipitate (4) in 
10 c.c. of water and precipitating Avith 15 c.c. of a satu- 
rated solution of (NHi)„SOi iit pH G'O. 

3-48 

35 

0 

Precipitate obtained by dissolving the ijrccipitate (5) in 
10 c.c. of water and precipitating with 8 ’5 c.c. of a 
saturated solution of (NH^joSO, at pH 4*0. 

2-12 

33 
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Preparation of the salt-free inhibitor. — ^The inhibitor separated from crude cobra 
venom was contaminated with inorganic salts lilce KaCl, NaoSOi, (NH 4 )oS 04 , etc. 
To remove these, the process of dialysis was taken recourse to. The inhibitor 
was dissolved in ice-cold water' and dialysed through a cellophane sac against 
cold water inside a frigidaire. The water was replaced at frequent intervals to 
facilitate the process of dialysis. "When the dialysate showed no test for chloride 
and sulphate ion, the sac was emptied and the protein solution was dried in vacuum 
inside a frigidaire. 

The toxicity of the salt-free inhibitor. — The m.l.d. of tlie inhibitor as determined 
by intramuscular injection into pigeons weighing between 300 g. and 310 g. was 
found to be 0'3 mg. 

Influence of temperature on the activity of cobra venom and of the inhibitor . — 
Of the different factors that affect the activity of proteins, the effect of tempera- 
ture is none the less important. The effects of temperature on the actmty of 
cobra venom and of the inhibitor were investigated with a view to throwing 
some light on their chemical nature. For the purpose, O'l and 0'06 per cent 
solutions of cobra venom and of the inhibitor respectively in pliosphate-Ringer 
pH 7 ‘4, were heated at various temperatures for half an hour. The solutions 
were then cooled, suitably diluted and the activity determined by the method 
already described. The results are sliown in Tables III and IV 

TxUjle III. 


The effect of temperature of the activity of cobra 
' venom. 


i 

Number. 

Period of 

Temperature of 


exposure, 

minutes. 

exposure, 

®C. 

inactivation. 

1 

30 

70 

0 

o 

30 

75 

0 

3 

30 

80 

10 

4 

30 

83 

o5 

r, 

30 

85 

100 


TabIxE IV. 


The effect of temperature on the activity of the 
purified inhibitor. 



Poriotl of 

Temperature of 

Per cent 
inactivation. 

Number. 

exposure, ^ 
minutes. 

exposure. 

1 

30 

70 

0 

2 i 

30 

7.'» 

0 

3 

30 

SO 

ftC 

4 1 

30 

83 

100 
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It will be observed from tlie results in Tables III and IV that the purer 
the inbi))itor the more rapidly it is destroyed by heat. The half inactivation 
temperature of tlie iinpure inhibitor, i.e, the crude venom, is about 83°0., whilst 
that of the purified inhibitor is about 80°C. These observations are in accord 
with that of Willstatter, Grasser and Ividui (1902) that the effect of temperature 
on an enzyme is largely dependent on its purity. In the case of crude venoin, the 
proteins accompanying the inhibitor probalffy exert a protective effect upon it. 

Irreversible nature of inactivation hy heat. — In order to determine whether 
the inactivation of the inhibitor by heat is reversible or not, the partly in- 
activated solutions of these substances in ])hos])hate-Ringer, pH7’4, werekeptin 
the frigidaire at 4°C. for dS hours and their activities were determined by the usual 
method. It wms found that the partly inactivated solutions did not show any 
increase of activity, proving thereb}’’ tliat the inactivation was completely irre- 
versible in nature. 

Influence of ll-ion concentration on the activity of the purified inhibitor.— Hike 
temperature, tlie pH of the medium has a profound influence on the actmties of 
various toxins. The stability of the inhibitor of cytochrome oxidase at different 
pH values of the medium was, therefore, investigated. O'OG per cent solutions 
of the inhibitor were adjusted at different pH values and kept for different periods 
of time in the frigidaire. In order to adjust the pH to TO, a definite volume of 
the inhibitor solution was mi.xed with an equal volume of N/5 HCl. Similarly, 
for pH 13 '0 equal volumes of the solutions of the inhibitor and H/S HaOH were 
mixed together. After exposing the inhibitor to different H-ion concentrations 
for known periods of time, the solutions were neutralized, diluted and the activity 
determined. The results are showm in Table V : — 

T-'innK V. 


The effect of pH upon (he activity of the inhibitor of 
cytochrome oxidase. 


1 

Number. 

pH at wliich 
exposed. 

1 .ftCTlVITY IN PER CENT OF THE OEIGIKAE 

1 AFTER EXPOSING IT FOB : 

1 clay. 

2 claj's. 

3 days. 

1 

1 

1 

1-0 

96 

82 

78 

2 ! 

3-0 

100 

96 

90 

3 i 

5-0 

100 

98 

94 

4 

G-0 

100 * 

1 

9S 

98 

.5 

i : 

1 7*4 . 

• 100 

100 

100 

6 

9-6 

98 

95 

88 

7 

13-0 

0 

! 

... 

... 
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From tLe results recorded in Table Y it will lae noticed that the inhibitor 
isolated from cobra venom is fairly stable at different pH vahies, the stability 
being maximum at pH 7-4. The stability is reduced at pH above and below 7-4, 
becoming very low at pH 13-0,. at which it is inactivated in the course of a single 
day. 

Irreversibility of inactivation. — To determine the nature of pH inactivation 
the inactivated solutions were brought to pH 7‘4.and kept in the frigidaire at 4°C. 
for 48 hours and then the activity of the solutions was tested. No gain of activity 
was noticed and hence it was concluded that the inactivation was completely 
irreversible. 

Effect of ultra-violet rays on the stability of the inhibitor. — Of the various agents 
affecting the properties of proteins, radiation of short wave-lengths occupies an 
important position. The different active principles of cobra venom, e.g. hajinolysin, 
choline esterase, and cardio-toxin are all known to lose their activities when 
exposed to ultra-violet radiation. The effect of ultra-violet rays on the activity 
of the inhibitor of cytochrome oxidase was, therefore, investigated. 

A 0'06 per cent solution of the salt-free inhibitor in phosphate-Ringer, pH 7’4 
was kept at a distance of about 30 cm. from a mercury vapour lamp for a period 
ranging from 15 minutes to 2 hours. Another solution of the same concentration 
was kept unexposed to serve as control. After the exposure was complete, the 
solution was diluted suitably and the activity compared with that of the control. 
The results are shown in Table VI ; — 


Table VI. 


The effect of ultra-violet rays on the activity 
of the inhibitor. 


Number. 

Period of 
exposure, 
minutes. 

-Aclivity in per cent 
of the origiu.ll 
nftcrexpo.siire. 

1 

15 

100 

2 

30 

100 


GO 

^ 100 

4 

120 

102 



— - 



The results indicate that the ultra-violet rays have no effect on the inhibitor 
of cytochrome oxidase isolated from cobra venom. 


Summary. 

1. An active principle responsible for the inhibition of the cvtochrome 
oxidase system has been separated from cobra venom. Wcic'ht for weimit tl.o 
purified product is IG times more active than the crude venom "" ’ 
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2. Tlie efTects of certain inactivating agents like temperature, pH and ultra- 
violet rays on the stalnlity of the inhibitor of the cytochrome oxidase system have 
been studied. The inhibitor is fairly stable at moderately high temperatures and 
is unaffected by ultra-violet rays even when the exposure lasts for 2 hours. It is 
also quite stable within the range of pH 10 to pH 9T). 


The author wishes to expre.ss his thanks to Dr.‘ B. N. Ghosh, d.sc., f.n.i., for his 
valuable advice and keen interest during the progress of the work. His thanks arc 
also due to the Indian Eesearch Fund Association for the grant of a scholarship. 
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Introduction. 

Enteric fever hfis been endemic in the city of Bombay for a number of years. 
Occasionally it flares up in an epidemic form all over the city as it did in the year 
1938, causing 1,168 reported attacks during the year with 507 deaths— a fatality 
rate of 43-4 per cent. Table I gmng the incidence of enteric fever in Bombay 
during a recent five-year period (Bombay Municipal Health Records, 1942-46) 
shows that though its spread has been in check, the number of attacks and the 
fatality rate show no signs of abatement : — 


Table I. 


Incidence of enteric fever in Bombay. 


Year. 

Reported 

attacks. 

1 

Deaths. 

Fatality 
rate, 
per cent. 

Death rate 
per 1,000 of 
population. 

1042 

1 i.ois 

375 i 

36-S 

1 0-2 

1943 

l..")02 

507 ! 

3C-G 

0-4 

1944 

1,00S 

459 

1 45-5 

0-3 

194, 'i 

1,329 

GIG 

j 4G-3 

0-4 

1940 

9SS 

513 

j 51-9 

0-3 
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T]ie figures quoted under-estimate tlie true state, as quite a number of cases 
is not reported to the authorities or not recognized. .A great majority of the 
enteric fever cases in Bom^)ay is of typhoid .fever. . Only about 10 per cent of tlie 
cases are caused by S. paratyjM A. ' Enteric fevers caused by S. paratyphi B or 
S. paratyphi C are practically non-existant in Bombay (unpublished data). The 
majority of the cases occurs during the monsoon season (i.e. during the months 
from June to October), but quite an appreciable number of cases is also met vdth 
dtiring the other months. 

In 1940, when a tj’phoid epidemic was raging in the Xorth of Bombay Island, 
an investigation was started by one of us (R. G. D.) with a yievr to find out 
whether the proximity of the Dadar Sewage Purification lYorhs was in any way 
responsible for it. As a result of that work, it was .shown that S. typlii was almost 
constantly present in the sewage and in the effluent which flowed out of it 
after purification. From the sewage, later, was also isolated a bacteriophage 
which was found to act specifically against S. typhi in high dilutions (Dhavagude, 
1943). 

Ever smee the discovery of the phenomenon of bacterioifliagy by Twort and 
d’Herelle, it was believed that a potent therapeutic weapon had become available 
against certain bacterial diseases. It was onR; a question of finding out an 
appropriate 'phage of adequate strength. This feeling was entertained not only 
among the practitioners but also among the scientists due to the fact that the 
phenomenon of bacteriophagy as observed in vitro was such a spectacular one. 
Numerous workers have tried bacteriophage therapy in typhoid fever with varying 
results, and its claims are yet neither proved nor disproved. It was, therefore, 
decided to test the theraipeutic effect of the locally isolated ’phage on typhoid- 
fever patients in Bombay. In the earlier part of the investigation the ’phage was 
administered orally, while later it was administered intravenously. 

Asheshov, Wilson and Topley (1937) reported on the protective effect in mity 
of typhoid ’phage given separately and by routes different from those used in 
infecting the animals. They found that the specific anti-Vi ’phage was a very 
effective protective agent, while the non-specific ’phage had no protective effect. 
Fisk (1938) not only confirmed this protective action but also showed that the 
’phage had a distinct therapeutic or curative effect. Ward (1943) confirmed 
Fisk’s results and pointed out the apparent multiplication of the ’phage invo m 
mice. 

J 

On the strength .of the above experimental data, the treatment with type- 
specific Vi typhoid bacteriophage administered intravenously was tried atythe 
Los Angeles County General Hospital as reported by Knouf et al. (1946) with highly 
beneficial results. In India, Banerjee (1939) treated three cases of typhoid by 
administering bacteriophage intravenously. Though a type-specific Vi ’phage 
was not used, the results were ‘ astonishing ’. When the present study was under- 
taken, we did not have facilities to determine whether the typhoid ’phage we had 
was an ‘ 0 ’ ’phage or a Vi ’phage. Experiments, however, showed that our stock 
’phage was quite potent in lysing the cultures of 8. typlii isolated from many 
different sources and it was, therefore, decided to try the effect of its intravenous 
administration on a few patients, using the same technique as that described by 
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Knouf el al. (Zoc. cit.). The stock ’phage was derived from the original ■ ’phage 
isolated by one of us (R. G. D.) from the local sewage. This was main- 
tained in proper strength by propagating it at regular mtervals on a stock 
strain of S. typhi isolated from the sewage simultaneously with the ’phage._ In 
a broth tube the ’phage caused apparently complete lysis of a young culture within 
3 hours but after a firrther incubation of 24 hours a slight growth of resistant forms 
of the organisms could be seen. The number of ’phage particles per millilitre as 
determined on an agar plate was found to be 10'-. 

The problem was taken up for research under the auspices of the Indian 
Research Fund Association from the 1st of October, 1946. Before this, 30 cases 
of tjTihoid had already been treated with bacteriophage by mouth, the results of 
which have been reviewed elsewhere (Banker, 1946). 

Selection of cases. 

The patients selected for treatment were from among those admitted at the 
City Fever Hospital, and from those admitted to a special Enteric Ward at the 
King ]5dward VII Memorial Hospital, Bombay. The former group of patients 
were all given the ’phage by the oral route, while the patients at the second 
hospital were given the ’phage intravenously as advocated by Knouf el al. {Joe. cit.). 
This was because adequate nursing facilities and constant personal supervision 
were possible at the latter hospital. 

The following criteria were strictly observed in the selection of the cases taken 
up for oral therapy ; — 

1. The cases admitted for fever were first clinically examined, and if 

suspected to be typhoid, the blood was collected for culture. The 
diagnosis in all cases was made by means of a positive blood- or clot- 
cultme for S. typhi. 

2. Only cases admitted during the first week of their fever were taken 

up for the cultural examination of the blood, so that the treatment 
which in these cases lasted a number of days could be instituted 
early. 

3. The ’phage was in every case tested against the isolated strain and was 

administered only if that culture was lysed. 

4. .As the oral treatment had to extend several days to be effective, if at all, 

it was seen at the time of starting the treatment that (a) the patient 
had no serious complications and (6) that he had not received any 
other special treatment, such as penicillin or sulphathiazole. 

5. The bacteriophage treatment was abandoned if the patient developed 

any serious complications during the treatment which might neces- 
sitate administration of other drugs, such as penicillin. 

G. Every alternate case diagnosed positive by blood-culture was kept as 
a ‘ control ' and administered plain ‘ broth ’ in which the bacterio- 
])hage was pre}>arcd. 
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7. The cases were tahen up irrespective of their age^ sex, build or pre%’lous 
history of inociihation. Treating every alternate case strictly as a 
control was expected to eliminate such factors as nutrition, age, 
sex, etc., interfering with the true assessment of results. 

Similarly, the following criteria were observed in the selection of the cases 
taken up for intravenous therapy : — 

•1. The diagnosis, as in the oral series, was made only when B. typU 
could be isolated from' the culture of blood or clot of suspected 
patients. 

2. The patients were taken up for treatment whatever the duration of the 

fever, provided the blood-culture was positive and the strain of 
S. (gpid isolated was, lysed by the stock 'phage. 

3. Since the intravenous therapy lasted only one day, and the beneficial 

results, if any, were expected to be prompt, the treatment was started 
despite any complication that might be present, or despite any other 
treatment the patient might have had, provided the patient was 
not in a moribund state. 

4. One-third of the positive-diagnosed cases were taken up for treatment. 

Every third case was kept as a ‘ control ’. The control cases were 
not given an}’- special treatment besides the general nursing, except 
that in the last control case ‘ autolysate ' -was given intravenously. 
Autolysate consisted of filtered products of 24-hour broth culture 
of S. typld isolated from the blood of the patient to whom it was to 
be given. 

5. The remaining third of the positive-diagnosed cases -yvere given 

sulphathiazole-penicillin treatment, and formed part of a separate 
investigation (to be published). 

6. As in the oral series, the patients were' taken up for treatment irrespective 

of their age, sex, nutrition or previous history of inoculation. 

7. Some cases, despite positive culture, were clinically found to be very 

mild and these were not taken up for treatment. 

8. In no case was combined oral and intravenous ’phage treatment 

given. 

9. The blood-culture was repeated in each case treated by intravenous 

bacteriophage 48 hours after the treatment was concluded. 


A BRIEF ANALYSIS OF THE OASES. 

During the course of the investigation, 184 suspected cases were taken up for 
cultural examination of the blood. S. typhi was isolated from 79 of these patients, 
while 8. paratyphi A was isolated from 10 patients. Of the 79 typhoid patients, 
the actual number taken up for treatment was 24, 10 being given the ’phage orally 
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and 14 intravenously. A corresponding number of cases vras kept as control, as 
represented in Table II : — 

Table II. 


Distribution of the cases. 



Total 

cases. 

Blood- or clot-culture positive for S. tijphi ... 

79 

Treated vith ’phage orally 

10 

Controls given broth orally 

10 

Treated with ’phage intravencrusly 

14 

Controls, untreated (except for 1 given autolysate) 

14 

Not included in the present investigation 

31 


The group of 31 cases not included in the present investigation is made up of 
16 who were taken up for sulphathiazole-pcnicillin treatment, and the rest 15 who 
were not found suitable for applying any therapy, either because they exliibited 
a very_ mild course or because they were in a moribund state at the time of 
admission and died soon after. 

The age, sex, and other relevant data regarding the 24 ‘ treated ’ and the 
corresponding 24 ‘ control ’ cases are summarized in Tables III and IV. In the 
intravenous series, besides repeated blood-cultures, the fteces and the urine were 
also cultured repeatedly, and the patient was not discharged till three consecutive 
examinations V ere negative. Intheoraf- series, the fa?ces and the urine were not 
put up for cultural examination. 


TrEATJIEN’T with HACTERIOrHAGE AHMIXISTERED ORALLY. 

Each patient, on his bloodjculturc proving positive for S. iyphi, ivas given 
oO c.c. phage in two equally divided doses, one early in the morning and the other 
12 hours later in the evening. Half an hour before the administration of ’phaae 
30 grains of sodii bicarbonatis were given every time by mouth with a view “to 
render the stomach contents alkaline. The treatment vas continued till the 
temperature was normal for three consecutive days. In none of the cases did anr 
reaction wciir which coii d be directly ascribed to the bacteriophage. Xo sncctac'- 
ular results to resemble the ni vitro lysis were obtained in anv caso ^ 
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Besides this special bacteriophage treatment, all the patients were given 
a uniform standard nursing treatment, and tlie complications were treated as 
they arose. 


Treatment with racteriophaqe administeree intravenously. 

In each case, as soon as the blood-culture was found positive and it was 
decided to take up the patient for intravenous ’phage therapy, the patient’s sensiti- 
vity to the protein of the bactcriopliage Avas tested by an intradennal injection of 
0-1 c.c. of 1 in 10 diluted ’phage. The ’phage was then administered intraA’-eii- 
ously the next day, i.c. 24 liours later, if there was no aiipreciable local reaction. 
None of the 14- cases showed a reaction on intradennal injection, which might 
indicate hypersensitivencss. 

The dosage and the procedure followed were as advocated by Knouf el al. 
{loc. cii.). A single dose of 1 c.c. of the ’phage (1-5 c.c. to 2 c.c, in some of the 
later cases) was given by intravenous drip diluted in about 000 c.c, of 5 per cent 
glucose-saline solution, taking about four to five hours to run in completely. The 
temperature (axillary), ])ulse and respiration were charted every 15 minutes and 
the blood-pres.sure recorded every hour. 

The expected reaction, supposed to lie due to widespread lysis of the organ- 
isms, occurred in one to three hours after the commencement of the therapy. The 
patient usually got a rigor lasting for about half an hour, the temperature quickly 
rising to about 105°F, (in the axilla). In some cases the reaction was severe 
enough to cause momentary anxiety regarding the state of the jiatient. At this 
stage, to avoid any chance mishaji, vasoconstrictors, such as desoxycorticosterone, 
were injected intramuscularly, and nikethamide added to the transfusing solution. 
The patient was wrapped up for a few hours in wet pack's to prevent the tempera- 
ture from rising too high. The temperature almost invariably came down to 97°F. 
(in the axilla) in 12 to 24 hours after the conclusion of the therapy, and often went 
down to DO^F. for a few hours. In most cases the temperature, lioivever, failed 
to persist at the normal level. 

Besides this special treatment, all cases were given a uniform, standard nursing 
ti’catment. Light solid diet, such as bananas and soft bread, were started as soon 
as the patient felt hungr}^ and able enough to feed himself, which was very often 
quite early in the course of the illness. This regime, it is believed, helped to 
shorten the convalescence. 


REiSULt of oral therapy. 

The number of cases treated has been very few, yet the result clearly indicates 
that there was no spectacular effect. Moreover, since strict controls have been 
kept, an attempt may be made to compare the results in the two groups. _ It yen 
be seen from Table V that the mortality and the incidence of major complications 
(as intestinal hosmorrhage, perforation, hyperpyrexia, meningism, relapse, etc.) 
are actually higher in the ’phage-treated cases than in the controls. The dificrence 
in toxicity liefore and after treatment is indicated in Table III and- a comparison 
with^^the controls is shown in Table V. 
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Eestjlt of intravenous therapy. 

In 2 of the 14 cases treated there was a fairly remarkable cure, the tempera- 
ture having come down to normal within 24 hours of the therapy by crisis, and 
the blood-culture and repeated cultures of the urine, and fseces remaining negative 
subsequently. It must be added, however, that these 2 cases were not in a 
particularly serious state when the therapy was started. The only death in the 
series was of the patieUt who died a few days after the therapy due to complicating 
pneumococcal septicaemia. The remaining 11 patients recovered, and though the 
temperature in some cases showed a lowering of the maximum range, the course did 
not appear to be shortened. In 4 of these, the blood-culture became negative and 
the toxicity diminished soon after the therapy, while the urine- and faeces-cultures 
also remained negative. A comparable diminution in toxicity with negative urine- 
and faeces-culture was obtained in only one case from the control group (this 
patient had a relapse' subsequently). In 7 cases the subsequent blood-cultures 
after the therapy remained positive for S. typhi, nor was there an)’^ appreciable 
decrease in the general toxicity. Among the control cases which were not given 
any special treatment, there were 8 which were only mildly toxic at the time of 
admission but developed marked toxicity after about seven days ; three of these 
expired. 

One control case, which was administered autolysate intravenously, developed 
a rigor very much like the ’jihage-treated cases (though the autolysate did not 
contain any ’phage), and his temperature came down to normal and remained so 
for 24 hours. His blood-culture, however, remained positive and the temperature 
subsequently rose to previous levels. 

Table 


Result in treated cases compared with controls. 



( Total. 

Major 

1 coniplieations. 

1 

1 

Expired. | 

Toxicity dubino 7 bays. 

t 1 

Increased. ' 

1 

1 

Decreased. 

Same. 

Orally treated 

10 

6 

2 

3 j 


3 

Controls (broth) 

10 

I 

1 

5 j 

2 

3 

Intravenously treated 

14 

7 

1 

1 

1 ^ 

7 

Controls 

14 

10 

3 

1 s 

1 

; 2 

4 


Case reportt.—Tho following iiUoresting case reports arc presented here in brief: 

o- , female, wife of the case quoted below, was admitted on 

-<tli March, 1114. for contin:ions fever of S dajV duration, cough and vomiting. On examination 
fihe was found to he slightly toxic. The tonguo was coated and the spleen was not palpable’ 
Icrapcraturo 102M'. (axillary), pulse 00 and respiration 26 at the time of a<lmission. Blood-' and 
elot-cnlturcs wore both positive for .S', hjphi. The bacteriophage was administered bv intravenous 
nnp on the Ittli d:u’ offerer. .\t the time of starting, the gcner.al condition of the patient was fair 
r uvZ'' "" 'o«l'l'C.alions and was quite co-operative. The blood-prcs-ure was 

110;00 mm. Hg., 1. 100-0'F. (axillarv), I’. 112, and R. 2S. ‘ 
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At tho end of one liour, the patient had a severe' rigor lasting for about 10 minutes and she became 
very anxious. The pulse volume during tho rigor became very feeble. The temperature then started 
rising, tho rigor became mild to last 20 minutes more, and tho pulse volume became normal. In half 
an hour the temperature rose to 104°F. in the axilla,' and then started falling gradually. It touched 
97°^. about 8 hours after tho 'phage was started. Except for a short rise 48 hours later, the 
temperature remained normal tliroughout, and the patient had an uneventful recovery (see 
Temperature Chart I). The vor^’- next day after the ’phage therapj' she complained of intense hunger 
and •mas immediately started on light solid foods such as soft bread, biscuits and bananas. Blood- 
and clot-cultures taken 24 hours later were both negative. The urine- and facces-cultures also remained 
negative throughout the convalescence. She rvas discharged cured on 2ath day of her illness. 

2. Mr. A. M., age 25 jmars, male, husband of the case reported above, vas admitted on 4th April, 
1947 for continuous fever of 4 da3’s’ duration, headache, constipation, epistaxis, pain in the abdomen 
and joints. Ho rvas hospitalized 7 day.s after the date of admission of his Tvife. Ho had been given 
1 c.c. of T.A.B. vaccine subcutaneouslj’ on 2Gth March, 1947 on it being suspected that his wife was 
suffering from typhoid. On examination, he was not found to be toxic, and the spleen was not 
palpable. T. 10'i°F. (axillarj’), P. 90, and R. 20. Blood- and clot-cultures were both positive 
for S. typhi. He was kept ns a control and not given any but tho basic nursing treatment. The 
fever in this case continued for 28 daj'S, tho temperature coming down to normal on 28th April, 1947. 
During the course of tho illness, about the 14th dnj' of fever, tlio patient developed a fair degree of 
toxicity and was delirious. His convalescence was uneventful but prolonged. Ho was discharged 
cured on 40th day of his illness. 


Discussion. 

The stock bacteriophage used in the present investigation was tested recentij 
and found to .bo an ‘ 0 ’ ’phage and not a ‘ Vi ’ ’phage, i.e. it was found 
active against the ‘ 0 ’ antigen but not speciheahj against the ‘ Vi ’ antigen of 
B typhi. Though this ’phage was able to lyse all the S. typhi cultures isolated 
from the various patients, it is now felt that admittedly it was not an ideal agent 
for therapy. 

The ’phage 'iised ha\'ing been a stock ‘ 0 ’ ’phage, the results obtained with 
the intravenous therapy are not comparable with those reported by Knouf et al. 
(loc. cit.), after using type-specific Vi bacteriophage. They, however, compare 
well with the results obtained by the same workers during a period when they used 
unselected stock bacteriophage for intravenous therapy (reported by Bower, 1938, 
quoted by Knouf et al., loc. cit.). In their words, ‘ some (patients) seemed to 
derive no benefit whatever, while others proceeded with obviously or at least an 
apparently modified course, and some achieved truly startling bacteriologic and 
clinical recovery.. Eesults in the latter patients were so spectacular- that they 
caused us to continue the study despite the discouragement of many failures and 
in diff erent successes, for they seemed to indicate an unlvnown factor which might, 
when discovered, lead to more uniformly good results ’. . The unknown factor, 
according to these workers, is probably the application of type-specific Vi bacterio- 
phage. In India, Banerjee (loc. cit.) successfully treated three cases of typhoid 
fever by administering the ’phage intravenously. All were bacteriologically proved 
cases of typhoid, and the ’phage, which was given in one injection and not by 
a continuous drip method, was repeated on two or three successive days. The 
’phage used was a stock unselected ’phage and not a type-specific Vi one. 

On the strength of the experience and results with oral administration of the 
’phage to 30 cases reported previously (Banker, loc. cit.) and to 10 cases m 
the present series, with as many cases kept strictly as controls, it may be stated 
that oral therapv with an unselected stock bacteriophage such as we used has no 
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Tempebatube Chart 2. 

Kitig Edward VII Memorial Hospital, Bombay. 
Disease — ^Typhoid Fever, Age — 25 years. 
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value in typhoid fever. In typhoid, rrhich is now recognized as a primary systemic 
infection with incidental localization of the bacilli in the intestinal tract, orally 
administered ’phage is not likely to prove effective unless absorbed in sufficient 
amounts into the circulation. 

The views regarding the efficacy of bacteriophage therapy in typhoid fever 
are conflicting. Many clinicians believe that the_ sbght and temporary benefit 
which follows the subcutaneous or intravenous administration of the ’phage is due 
to induced protein-shock reaction rather than to any specific lytic action exerted 
on the organisms. Kolmer and Tuft (1941) have concluded that the therapeutic 
value of the bacteriophage has not fidfilled the original expectations and must still 
be determined by further clinical experience. In assessing the results rejDorted 
by various observers, there is some difficulty in that many have failed to use 
adequate controls, there being little or no evidence to show that the medium itself 
in which the ’phage was grown was not responsible for the good results reported. 
Unsuccessful results may be obtained if sufficiently potent ’phage is not utilized. 

' In the state of our present limited knowledge, the type-specific Vi bacterio- 
phage, i.e. a ’phage acting specifically against a particular type of typhoid Vi 
antigen, may be considered the most potent available. A combination of type- 
specific Vi ’phage and ‘ 0 ’ ’phage may proAm still rqore effective, because such a 
combination in proper proportions is known to sterilize a young culture with no 
resistant forms left to develop subsequently. 

During the present investigation, we observed several cases in which the 
blood-culture was obtained positive for S. iyphi ))ut the cases turned out to be 
very mild and recovered completely in a few days. Such a mild course is supposed 
to be common among the children, but is also sometimes met with among the 
adults. The typhoid fever shows great variation in its severity, and such variation 
has been found even in a group of persons infected from the same source. The 
issue, therefore, appears to depend on unknown factors in the individual resist- 
ance, and perhaps to a certain extent on the dose. Besides, many of the patients 
in the first week, when the disease is just started, are not very severely ill, and 
the condition then existing is no guide to the subsequent course. As is well 
known, the fatal complications of tjqjhoid are common in the second and third 
weeks, and may occur even in a person in whom the disease has started mildly in 
the first week. Hence it is felt that strict keeping of each alternate patient as a 
control is essential in the true assessment of results of any therapy which does 
not show a spectacular effect. In the present series, among the oral as well as 
the iviravcnoiis cases, regular control cases were kept, and the other variables 
like the diet and the basic nursing treatment were kept constant as far as 
possible, thus rendering a comparison between the treated and control cases 
reasonablj' valid. 

Among the patients given ’phage intravenously, a disturbing factor was the 
violent rigor, which usually lasted the better part of an hour. Knouf cl al 
(loc. cit.) report in their series a reduction in the severit\- of the reaction bA- 
distributing the administration of the ’phage OA*er a period’ of about 5 hours bv 
using the slow, continuous drip technique. We used the continuous drip method 
in the administration of the ’phage, yet in most of the cases the n^ors obtained 
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were quite severe. Banerjee {loc. cit.) reports his observation on one successfully 
treated patient in whom the rigor failed to appear after previous injection of 
antitoxic serum. The exact cause of the rigor is debatable. It may either be 
due to the protein injected, or due to introduction of the endotoxin together vith 
the ’phage preparation, or due to liberation of endotoxin after bacteriolysis in vivo. 
In the present series one control patient was injected one c.C. of autolysate (which 
did not contain any ’phage), and he der’-eloped a rigor very similar to that after 
the injection of bacteriophage. The autolysate consisted of a filtrate of 2f-hour 
broth-culture of S. typhi isolated from the same patient. As the injection of 
autolysate was not thought of early enough, it could be tried only in one patient, 
and no conclusions can be drawn from the results obtained. 

The work on Vi ’phage-typing of S. typJd, on the basis of the scheme laid down 
by Craigie and Felix (1947), has been started by us now, with the help of the 
necessary ’phage preparations received from Dr. A. Felix. In near future we .hope 
to institute a trial of the therapeutic effect of t 3 q)e-specific Vi ’phage, pooled with 
‘ 0 ’ ’phage, if necessary. 

Conclusion. 

An unselected stock bacteriophage administered to typhoid patients oraUy 
has no therapeutic effect. The same ’phage administered intravenously appears 
to be of some value. The observations are being extended. In future trials it 
is recommended that a type-specific Vi ’phage should be used for intravenous 
administration, combined with an ‘ 0 ’ ’phage, if necessary. If in the study of 
the first- few cases definite spectacular results are not obtained, alternate patients 
should be treated as controls and administered autolysate intravenously. 


Summary. 

1. Eesults of treatment of 24 cases of typhoid fever with an unselected stock 
bacteriophage (later found to be an ‘ 0 ’ ’phage) are presented. Of these, 10 were 
treated by the oral route, and 14 by the intravenous route. Alternate patients 
were kept as controls, enabling a valid eA^aluation of the therapy. S. typhi was 
isolated from blood-culture in each patient before treatment. 

2. The results of intravenous ’phage therapy appear to be sufi5ciently promis- 
ing to warrant further trial with type-specific Vi ’phage, either alone or pooled 
with an ‘ 0 ’ ’phage. 


Our thanks are due to Dr. S. G. Vengsarkar, Superintendent, The City Fever 
Hospital, Bombay for allowing us to investigate and treat the cases admitted under 
his care.’ We are also thankful to Dr. S. E. Pandit, Director, Pasteur Institute, 
Shillong for suggesting the use of ‘ autolysate ’ in control cases. We are indebted 
to the Indian Eesearch Fund Association for the grant which enabled the investi- 
gation to be carried out. 
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PURIFICATION OF VACCINE LYMPH BY PENICILLIN. 

BY 

R. SANJIVA RAO, ji.b., b.s., d.t.m. 

{From the Vaccine Im-titiite, Belgatim.) 

[Received for publieation, December 10, 194S.] 

There has ahvjiys l)eeii an urge amongst workers in vaccine lymph to produce 
a virus as free from extraneous organisms as possible, without any loss in potency. 
The most prevalent methods of purification of calf lymph are the employment of 
0'5 per cent phenol, 0‘i per cent oil of cloves and the chloroforming process. It 
was to be expected that the advent of penicillin would provide fresh stimulus to 
the search for a purifying agent. It is understood that at least one institute 
engaged in the manufacture of vaccine lymph in India is at present employing 
[lenieillin in the routine jwocess of purification of vaccine lymph. A few workers 
iiave already reported on their experience with penicillin as a purifying agent for 
vaccine lymph. Gohar (194G) has reported that penicillin is not superior to 
glycerine in the destruction of Staphghcoccal contaminants of vaccine lymph and 
that the vaccine virus is sensitive to penicillin. On the other hand, Diaz Romero 
(lOi.'i) and Fasquelle (1947) have both concluded from their experiments that 
penicillin, while not inimical to vaccine virus, elTects substantial reduction in the 
bacterial flora of vaccine lymph. 

A short, investigation was conducted in this Institute with a \-iew to ascertain- 
ing whether penicillin could replace the existing method of purification, viz. the 
chloroforming process. The experiments were confined only to ghjccrinatcd 
lym])h ns otherwise they would have no bearing on the current method of 
]>rcpnration of vaccine lymph. 


MaTEU 1,\LS AXl) METHOIXS EMPl.OVEl). 

Penicillin cmjdoycd in the cxjieriments was of a reputed make. Immediately 
after its solution in distilled water, it was added according to the needs of the 
cxjicrimcnt to the ghjccrinatcd lymph (1 in G) which was then returned to the cold 
storage ( 1U<.’.). A portion of each hatch of lymj)h employed was also purified 
by (he us\ial chlorofonning ])roce.«s. for .serving as a control in the subsequent 
j)nrity and jiotcncy tc.sts. Colony -count ,s of the sample.s were made in a dilution 
of 1 in 10 in sterile normal saline. The agar plafe.s poured were incubated at 37T,’. 

( 2f.7 ) 
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for 2 days and then at the room temperature (averaging 24°C.) for 3 days after 
vdiich tlie number of colonies in the plates was counted. The . potency tests 
were made on cow-calves. The requisite dilution of lymph in normal saline 
was made and 01 c.c. of the dilution was coaxed into a tmiformly abraded 
area of 14- sq. cm. The result was read after 120 hours and the number of 
vesicles noted. 

Ex])enmenl ]. — An initial experiment was carried out to ascertain the 
optimum range of penicillin conceritration necessary for rendering the lymph 
relatively free from extraneous organisms. Calf lymph batch No. 8070 was divided 
into 6 lots and penicillin was added to 5 of the lots, in doses of 50, 75, 100, 125 and’ 
150 units per c.c. respectively, while the Gth lot was chloroformed. The bacterial 
count was made at different intervals after treatment with penicillin. Table I 
summarizes the results obtained : — 


Table I. 


Bacterial count of vaccine lymph after treatment unth penicillin. 


Concentration of penicillin 
per c.c. of vaccine l3Tnpli. 

Bactertai. cockt ter c.c. of vaccine evmph at 
DIFFERENT INTERVALS AFTER PENICILLIN 
TREAT.VENT. 

Batch No. 8070, 

1 daj'. 

2 days. 

1 

1 

4 days. 

1 . 7 days. 

Units — 




1 

1 

50 

8.500 

3,800 

6,000 

18,000 

75 

1,700 

100 

, 200 

0 

100 

700 

200 

0 

0 

125 

300 

200 

1 

0 

0 

150 

100 

0 

0 

0 

Not treated with penicillin but 
chloroformed. 

0,500 

! 

1,000 

0 

0 


Impression will be gathered from Table I that, while penicillin in concentra- 
tions of 75 units per c.c. and above rendered the lymph practically free from 
extraneous organisms, in a concentration of 50 units per c.c., it effected an initial 
drop in the colony-count with a subsequent steep rise after 7 days. This 
particular lot when again tested after 1 month showed innumerable colonies 
per c.c. Practically all the colonies noted in these tests were those of Staphylo- 
coccus albus. None of the above lots produced gas in Robertson’s cooked meat 
medium and rabbits inoculated for evidence of toxicity remained healthy for a 
period of over 7 da 5 ’-s. 

Potency of the above lots of lymph was tested on cow-calves 3 weeks after 
the process of purification in dilutions of 1 in 1,000 and 1 in 6,000. 
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The results are given in Table II : — 

Table II. 


Polency^of lywpli after fcnicillin treatment. 


Concentration of 
penicillin per c.c. 
of v.accine lymph. 

Batch No. 8070. 

Calf I. 

Calf II. 

1 in 1,000. 

1 in 5,000. 

1 in 1,000. 

1 in 5,000. 

Units — 

50 ... ' 

75 

100 

12.-I 

150 

Not treated 'noth penicillin 
bnt chloroformed. 

Semi-confluent take 

»» ft 

Confluent take 
Semi-confluent take 

18 vesicles 

20 

7 vesicles 

7 .. 

11 

11 

8 

7 

Confluent take 

” 

»» »» 

♦ * ♦» 

12 vesicles. 

11 

12 

12 

11 

12 „ 


I It is obvious from Table II that the potency of the vaccine ^^rus remained 
unaffected by increasing concentrations of penicillin v,-ithin the range adopted, the 
control chloroformed sample exliibiting about the same degree of potenc}’’ as the 
rest. 

Experiment 2. — ^In ^^en' of the results noted in Experiment 1, it was decided 
to confirm the findings using only one concentration of penicillin, viz. 100 units 
per c.c. indicated as quite suitable in that experiment. A portion of lymph 
batch No. 8313 was chloroformed as usual and the rest was treated with penicillin 
in a concentration of 100 units per c.c. The bacterial count was made 2 days, 
<1 days, and 7 days later as before. The results are given in Table III : — 


Table III. 


Bacterial count of vaccine lymph after treatment with penicillin. 


Concentration of 
penicillin per c.c. 
of vaccine lympli. 

Bacterial count per c.c. of vaccine Ly.MPii at different 

INTERVALS AFTER TREAT.MF.NT WITH PENICILLIN. 


Batch No. 8313. 

j i! days. j 

4 day.s. 

7 days, 

1 


Ino units ... 

Enormous numlier of j 
colonics, mostly of i 
StaphitJocornt^t atfm^ 
and 11. rnli. 

I Knormoii'i number 
j colonies, mostly 

1 SiapJtRjocorcri^ nlh 
an<l /?. rnfi. 

\ 

of 1 E.v ceed in ply larpc 
of j numlxT of colonie.s, 

II.S ; mostly of SInphi/Io- 

^ coccus nthus .itid 

1 If. coil. 

Not tivated with j>cnicil- 
lin hut chloroformed. 

C,0(H) jvor c.r. 

(Xo IL coli.) 

4,."><Kt y>CT c.c. 

(No n. cofi.) 

' j>er r.e. 

(Xo II roU\) 
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Obviously the batch of lymph used in this experiment had ah unusually large 
amount of bacterial flora as is indicated by the results with the chloroformed 
sample. The enormous number of colonies in the sample treated with penicillin 
is understandable as penicillin has little action on B. coli and the additional 
presence of Staphylococcus albus in large numbers is explained by the inactivation 
of penicillin by penicillinase produced ]>y B. coli. In contrast, the bacterial count 
in the case of chloroformed sample was well Jjelow the accepted limit and in 
addition it is to be noted that no B. coli colonies were present. In the expeiience 
of this Institute which has adopted the chloroforming process for the routine 
purification of vaccine lymph, colonies of B. coli are very rarely met with in tlie 
day-to-day bacteriological examination of purified lymph. 

Experiment 3. — In view of the aboAm results the penicillin-treated portion 
of the batch No. 8313 was di\dded into 4 lots and again treated A\dth penicillin 
in concentration of 250, 500 and 1,000 units respecti\mly. The bacterial count 
of these samples was made 4 days, 7 days, and 1 month after treatment with 
penicillin. ' , . . 

The results are indicated in Table IV: — 

Table IV. 


Bacterial count of vaccine lymph after treatment with higher ■ 
concentrations of penicillin. 


Concentration of 
penicillin per c.c. 
of vaccine lymph. 

Bacterial count ter c.c. of vaccine la'mph at different 

INTERVALS AFTER TREAT.MENT WITH TENICILLIN. 

Batch No. 8313. 

4 clays. 

1 

7 (lays. 

1 month. 

Units — 


1 


250 ... 

Numerous colonics, 

mostly of B. coli and 
Slapltylococcits albus. 

Numerous colonies, 

mostly of B. coli ancl 
Sla2^hylococcus albus. 

Numerous colonies, 

mostly of B. coli and 
Staphylococcus albus. 

500 ... 

Many B. coli colonics 
only. 

Manj'- B. coli colonies 
and a few Staphylo- 
coccus alb2ts colonies. 

Many B. coli colonies 
and numerous (S/npliy- 
lococcus albus colo- 
nies. 

1,000 ... 

Many B. coli colonies ■ 
, only. 

Man}' B. coli colonics 
only. 

Many B. coli .and 
Staphylococcus albus 
colonies. 


It will be obseived from Table IV that in the presence of B. coli even the high 
concentration of 1,000 units per c.c. was not productive from, the standpoint of 
purity standards, and that increasing concentrations of penicillin' suppressed 
Staphylococci to a larger extent and for a longer period of time. 
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Experiment 4. — The results in Experiments 2 and 3 ■\yhicli 'were conducted 
with a lymph batch having a preponderance of B. coli obviously coujd not alone- 
leadito a fair appraisal of the efficacy; of penicillin in the purification of 
vaccine lymph. Further, the results obtained in Experiment 1 justified further 
trials with a larger number of batches of lymph. An experiment was, therefore, 
carried out on four batches using two concentrations of' penicillin for each batch, 
viz. 100 and 150 units per c.c. respectively. A portion of each batch_ was also 
chloroformed as usual to act as a control. The bacterial counts obtained with 
these samples are given in Table V : — 


Table V. 


Bacterial count of vaccine lymph after treatment with peniciUin. 


Number of lymph 
batch. 

Concentration of 
penicillin per c.c. 
of vaccine Ijanph. 

Bacterial coukt per c.c. of vaccine lymph 

A-r DIFFERENT INTERVALS AFTER TREAT- 
MENT WITH PENICnXTN. 


4 days. 

7 days. 

( 

100 vinits 

100 

0 

SlOl ... ... 

IfiO „ 

0 

0 

i 

Chloroformed 

4,200 

2,000 


100 units 

: 

0 

8124 

luO ,, 

‘ 

. 0 

1 

0 


Chloroformed 

1 8,000 

5,200 


100 units 


0 

sans 

ino 

1 

0 


Chloroformed 

1 .o.OOO 

ii,500 

8301 

100 units 

ir>o „ 

Large number of colo- 
: nics (no B. coli). 

j 

Large number of colo- 
nics (no B. coli). 

»» 


Chloroformed 

i 

j 900 

i 

1 

1,000 


The results with penicillin in the case of batches Xos. 8101. 8124 and 8303 
appear both striking and .sjicctacular ; while those with batch Xo. 8304 are 
piir.zling. p.articularly as there was no evidence of B. coli in its bacterial flora 
Further, tin’s lymph when tested was found to be as distinctly alkaline as the 
others. .Ml the above lots, as also a sample of each exposed to the room 
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temperature (averaging 24°C.) for 7 days, were tested for potency on calves, 3 
weeks' after penicillin treatment. Table VI summarizes the results obtained : — 

Table VI. 


Potency of vaccine lymph after penicillin treatment. 


Number of 
lymph 
batch. 

Concentration of 
penicillin 
per c.c. of 
vaccine lymph. 

A^esicles ox caef I. 

Vesicles ox calf II. 

Exposed to 
the room 
tempernturo 
for 7 day.s. 

Unexposed, 

Exposed to 
the room 
temperature 
for 7 days. 

Unexposed. 

1 in 
1,000 

1 In 
5,000 

1 in 
1,000 

1 in 
5,000 

1 in 
1,000 

1 in 
5,000 

1 in 
1,000 

1 in 
5,000 

■ 

100 unit.9 

25 

20 

SO 

SC 

13 

10 

C 

c 

8101 

1.50 „ 

SC 

20 

C 

SC 

SC 

sc. 

0 

c 


Chloroformed ... 

so 

SC 

c 

SC 

SC 

sc 

C 

c 


100 units 

so 

25 

C 

C 

c 

c 

C 

sc 

8124 

1.50 

SC 

18 

C 

C 

sc 

20 

SC 

21 


Chloroformed ... 

sc 

20 

C 

C 

25 

20 

SO 

18 


100 units 

0 

1 

7 

5 

7 

0 

SC 

7 

8303 ... 1 

150 

3 

2 

7 

4 

3 

2 

SC 

8 

1 

Chloroformed ... 

2 

I 

4 

3 

5 

1 

•SC 

4 

-■ 

100 units 

s 

3 

SC 

10 

SC 

8 

c 

sc 

S.S04 

150 „ 

0 

0 

10 

5 

SC 

13 

C 

20 


Chloroformed ... 

0 

2 

C 

8 

SC 

5 

c 

SC 


C = Confluent take. SC = Semi-confluent take. 


Table VI clearly indicates and confirms the findings in Experiment 1, that 
penicillin in concentrations tested did not affect the potency of the virus, there 
being no significant difference in results in the dilution tested between the lots 
treated with 100 and 150 units per c.c. respectively and the chloroformed lot, under 
similar conditions of storage. 

Experiment 5. — With a view to confirming the results obtained in the 
various purity tests in the previous experiments, it was decided to_ repeat 
•after longer intervals the bacterial count in the case of all the samples which had 
given striking results soon after treatment with penicillin. This_ seemed parti- 
cularly necessary in view of the trends towards increasing bacterial counts with 
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subsequent tests, shown by those samples which were treated with too inadequate 
a concentration of penicillin or had B. coli in their bacterial flora. The confirma- 
tory tests were carried out 6 to 8 weeks after treatment with penicillin. The 
re.sults are summarized in Table VII : — 


Table VII. 


Bacterial comil of vaccine lym 2 )lis 6 to 8 weel's after treatment with 

penicillin. 


Number of 
lymph 
b.itch. 

Concentration 
of penicillin 
perc.c. of 

BACTERtAIi COUNT PER 
O.C. IN PREVIOUS 

TESTS. 

Interval between 
the present test 
and the date of 
tre.alment with 

Baeterial count in 
the present test. 



vaccine Ij’mph. 

4th day. 

7th day. 

penicillin, weeks. 



75 units 

/ 

200 

0 

8 

Numerous colonies, 






mostly of Staphj. 
tococcus nlbiis. 


100 „ 

0 

0 

s 


8070 ... 

125 

0 

0 

8 

♦ » tf 


1.50 

0 

0 

8 

if 


1 Chloroformed 

0 

0 

S 

200 per c.c. 


1 




{Slaphjhcoceud 

albns). 

’ 

100 units 

100 

0 

0 

Numerous colonies. 

Slot 

1.50 

0 

0 

0 

mostly of Slaphtj- 
lococcus albitn. 

ti it 

8124 ... 1 

100 

0 


0 

»» »» 

1.50 


0 

n 

it ft 

( 

too 

0 

0 

0 


saon 



♦ » ft 

1 

150 

0 

0 

G 



li in clear from Table VII that all the batches which gave the impression of 
liaMiig been rendered totally free from extraneous organisms had reallv not been 
so purified as is evidenced by the results in tests conducted 6 to 8 weeks later. 

Bsperment 6.— The foregoing results dearly indicated that the spectacular 
results obtained soon after treatment with penicillin might only be due to free 
pomo.llm present m the lymph, e.xerting its action in the agar medium used fTr 
the. hnderial count, and not to actual purification of lymph! To investi ante this 
It wim decided to repeat- the iLvper.nients, using penicillinase at the time ofputtL 
up the tost for the bnote.nal count. For this pmiose a culture of B cS" was 
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inoculated into ordinary nutrient broth and incubated at 37°C, for 2 days. The 
broth culture after a preliminary coarse filtration U'-as filtered through an Ls 
candle. The filtrate was tested for sterility and found sterile. On testing. the 
filtrate for penicillinase content, it was found that approximately 1 c.c. of the 
filtrate was required to neutralize 100 units of penicillin. 

Lymph batch No. 8171 was divided into 5 lots and of these one lot was 
purified by the usual chloroforming process. The remaining 4 lots were treated 
with penicillin in concentrations of 100, 500, 1,000 and 5,000 units per c.c. res- 
pectively. All the lots were tested for colony-count 5 days and 12 days after 
penicillin treatment. The })euicillin-treatcd lymphs were also tested by the 
addition to the agar plate of the requisite quantity of penicillinase for complete 
inactivation of the penicillin content in the actual amount of undiluted lymph 
tl/nt locni into the agar flaip. Care was taken to thoroughly mix the contents as 
soon as the melted agar was poured into the plates. 

The results are summarized in Table VIII ; — 

Table VIII. 

Bacterial counts of fenicillin-treated lymphs with and without penidllinase.* 


Bacteiual coost ter c.c. of vaccike lymph at different 

INTERVAI.S after TREAT.MENT VUTH PENICILLIN. 


Concentration of penicillin 
per c.c. of vaccine Ijunph. 

Batch No. 8171. 

1 

r 

! days. 

12 days. 

Witliout 

pcnicillmaso. 

With 

penicillitiase. 

Without 

1 penicillinase. 

i 

With 

penicillinase. 

Units — 





100 ... ! 

0 

Enormous number 

1 of colonies. 

0 

Enormous number 
of colonies. 

500 

0 


0 

>> 

1,000 

0 

» 

0 

Jf 

6,000 

i 0 


0 

>» 

Not treated with penicillin 
hilt chloroformed. 

: l 

1,200 

... 

1,600 

... 


* The penicillinase containing filtrate irhen tested was found sterile on each occasion. 


It is_ obvious from these results that even such a high concentration of 
penicillin as 6,000 units per c.c, failed to purify lymph. It is also now quite clear 
that all the spectacular results observed soon after treatment with penicillin were 
not due to actual purification of lymph but to the action in the agar medium of 
^ ; nicillin carried over in the quantum of lymph tested. With the passage 

' free penicillin in the treated lymphs must have comjjletely disappeared 
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or very considerably reduced, which would explain the growth of innumerable 
colonies in tests conducted 6 to 8 weeks later. 

COKCLTJSIONS. 

An analysis of the results obtained in the foregoing experiments leads to the 
following conclusions regarding the use of penicillin in the i)urification of vaccine 
lymph : — 

1. Penicillin in concentrations tested exerts absolutely no deleterious effect 
on the potency of the virus. Even under adverse conditions of storage there is 
no deterioration beyond that w'hich is to be expected during the period of such 
storage even without penicillin. 

2. Penicillin even in as high a concentration as 5,000 units per c.c. does not 
purify glycerinated calf Ijnnph. It seems evident that all the favourable reports 
on penicillin as a very suitable purifying agent for the routine purification of 
glycerinated calf lymph may be based only on results obtained soon after treatment 
with penicillin,- no penicillinase being used in the tests and the initial tests not 
being followed up by subsequent ones after much longer inten^als. 

These experiments were conducted with glycerinated calf lymph and as such 
the conclusion pertaining to the unsuitability of penicillin for purification has only 
reference to glycerinated calf lymph. However, whatever the diluent used for 
calf lymph it is obviously extremely desirable that in experiments of this nature 
penicillinase should be employed in the purity tests so that a pro])er appraisal of 
the utility of penicillin can be made. 


The author’s thanks are due to the Director of Public Health, Bombay for 
kind permission to publish this paper and to Mr. M. H. Jamadar, Laboratory 
Assistant, and other members of the staff who have been of assistance to him in 
the conduct of this investigation. 
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THE AMELIORATION OF SIWTOMS OF FLUOROSIS 
BY ALUMINIUM SALTS. 

BY 

K. VENKATAEAl\rANAN, 


AND 


N. KRISHNASWAMY. 

{From the Department of Biochemistry, Indian Institute of Science, 

Bangalore.) 

[Received for publication, Dcccnibor 28, lOfS.] 

Since it was reported (Smith, Lantz and Smith, 1931) that tlie ingestion of 
water containing fluorides causes a dental dystrophy knomi as ‘ mottled enamel ’, 
considerable work has been done on this subject. It has been shown (Gumming, 
1935 ; Dean, 193G) that the incidence and severity of the mottling correlates with 
tho concentration of fluorine in the drinking water. Continued ingestion of 
fluoride-bearing water has licen shown (Shortt, Barnard, I^rcRobert and Nayar, 
1937) to cause disturbances in the skelct.al system similar to those described by 
Roholm (1937) among workers in crj’olitc factories. 

Research workers have been endeavouring, on tho one hand, to devise suitable 
methods of removing fluorides from drinldng water and, on the other hand, to 
Seek out antidotes for this poison. 

TIic observation that animals on a low-calcium diet are more susceptible to 
fluoro.sis (Ranganathan, 1941) than the animals on an adequate diet led to the 
invcsfig.ation of the possiliility of administering c.alcium salts to ameliorate the 
condition. Ranganathan (1944) found that calcium salts do exert a beneficial 
action and that there is not much diflcrcncc between one salt of calcium and 
another. Pillai, Rajagopalan and Do (1944) have reported the beneficial action of 
foods (s>ich as milk and bone meal) which arc rich in calcium. Pandit cl ah 
(1910) cainc across two adjacent Hlliiges whose inhabitants showed a marked 
difference in the incideiico of fluorosis. This diflercnce could not be c.xplained 
on the basis of the fluoride content of the drinking water or the calcium content 
of the diet. Tho only major difiorcnco was that the diet consumed in the 

( 277 ) 
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affected villiigc was i)oor in vitamin C. From a set of animal experiments 
conducted on the monkey {Macacus mdiaius) Pandit and Rao (1940) concluded 
that monkeys wliich did not receive vitamin C in the diet showed greater adsorp- 
tion of fluorine and also showed more marked radiological changes than the 
monlceys which received an adequate amount of vitamin C. Majumdar and Ray 
(1946) concluded from his experiments on hill bulls that even when a diet contains 
adequate amounts of calcium and idiosphorus the relief afforded is only tem- 
])orary and is useless to save a victim from the effects of prolonged high intake 
of fluorine. 

In their attempts to compare the toxicities of different compounds of fluorine, 
various workers have fed sodium fluoride, calcium fluoride and cryolite to experi- 
mental animals. Smith and Leverton (1934) found that whether we take into 
consideration the effect on the teeth, the grondih. rate or the mortality, a much 
larger dose of fluoride is required when it is given in the form of cryolite. Kempf, 
Greenwood and Nelson (1937) found that rats receiving 0'025 per cent fluorine 
in their diet developed severe mottling but that rats receiving the same amount 
of fluorine along with 0‘396 per cent aluminium sulphate had normal teeth. 
Sharpless (1936) fed aluminium chloride to tats receiving fluorine at 0'025 and 
0‘1 per cent of their diet and found a marked improvement in the condition. The 
amelioration effected by feeding aluminium sulphate was superior to that of 
calcium lactate, calcium phosphate, magnesiiim hydroxide, boric acid, borax, bone 
meal, clay and aluminium powder according to the experiments of Marcovitch 
and Stanley (1942) who came to the conclusion that aluminium sulphate was 
most effective in combating the decrease in rate of growth of rats receiving 
0'2 per cent sodium fluoride in their diet. Likewise, alum was found to protect 
rabbits against lethal doses of sodium fluoride. Majumdar and Ray (1946) were 
the first to record that the administration of aluminium phosphate prevented the 
formation of exostoses in bulls receiving fluorine in their diet. Since the problem 
as it affects the human and cattle population is concerned mostly with the need 
to prevent formation of these troublesome skeletal clianges, it appeared desirable 
to investigate an antidote (lilce alum) which has shown a- capacity to prevent the 
formation of such exostoses. Advantage was taken of some rat-feeding experi- 
ments that were in progress (to study the effectiveness of an activated carbon 
prepared by us for removal of fluorides from w'ater) to run a preliminary 
experiment to confirm the ameliorative effect of alum. 

Experimental. 

Young albino rats (6 weeks old), iveighing between 35 g. and 40 g., were 
divided into three groups of six animals. Each" group contained an equal number 
'of males and females. The stock diet, devised to reproduce as far as practicable 
the diet consumed in the endemic areas of the Madras Presidency, consisted of 
pow'dered ragi {Eleusine coracana) 45'9 per cent, -bajra {Penniselwn typhoideim) 
46'9 per cent, tugar dhal {Cajaoms indicus) 3‘6 per cent, Bengal gram {Cicer 
arietinum) 3 ‘6 per cent, skim millc powder 0'05 per cent, common salt O'l per cent, 
and gingelly oil 1*0 per pent. This diet contained about 9 per cent protein aiid 
0-5' per cent calcium (as CaCOs). The rats were given 5 g. of the diet to start with, 
the quantity being gradually increased at the rate of one gramme per week till a 



K. V enkaiaramanan and N. Krislinaswamy. 


level of 10 g. va’s reacliecl. Every vreek, fresli brinjals (Sohnum melongena) and 
amarantlius leaves [Amaravtlms gangeticus) ^ve^e cut aud fed to the rats to 
make up 10 per cent of the level of the week’s diet. Each hatch of the diet 
mixture was analysed for its protein and calcium content. 

The rats of the first (covlrol) group received their diet mixed up in water, while 
the rats of jluorine-alona group received one milligram fluorine (added as sodium 
fluoride) in the diet. The rats of the third {Jluorine plus alum) group received 
1 mg. fluorine as NaF and 200 mg. aluminium added as a solution of the salt 
[A 1 o(S 04 ) 3 . 18 HoO]. The rats were weighed at the end of each week and their 
teeth carefully examined. 

Results. 

The rate of growth in all the groups is almost identical (sec Table I). 


Table I. 


Average increase in weights. 


Number of 
weeks. 

Control, i.o. 
no fluorine. 

Fluorine 

group. 

Fluorine phii 
alum. 

1 

i 

4-1 

4-3 

2-S 

2 

4-8 

.",•3 

4-.3 

3 

7-8 

7-.3 

-,•9 


7-1 

7-1 

6-1 

r> 

9-8 

9-0 

lor, 

G 

s*o 

91 

8-0 

7 

s-n 

8*0 

8*r. 

s 

, 10-9 

11-3 

li-r, 

0 

i 0-3 

r>*r» 

.s-r. 

10 

1 4-S 


5-1 

11 

S ST, 

G-.'> 

9-.7 

l,-l 

111 

13-.-, 

13*7 

Avernpo 

) G-08 

G-n.-, 

n-i 


Iho ieefh of the m(s m the conirol group continued to remain normal till the 
conclusion (li) weeks) of the experiment. In the group receiving onhj fluorine 
he lower mcisor-s began o .show bleaching in the .second Uek and were completelv 
b eached o a cha ky-white m the cour.se of five weeks. From about that W 
the upper teeth started .showing signs of bleaching, while the lower teeth showed 
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brokeu or eroded tips. About tlie ninth week of the experiment, the upper teeth 
in 3 out of G animals began to grow inwards and were also completelj' bleached 
to a dull chalky-wliite colour. Thereafter, other changes such as erosion of the 
tips, missing of the teeth as well as malformations were evident. By about the 
second Aveek the rats in the gj-oup receiving as well as alum showed some 

signs of bleaching of the lower teeth but only' 50 per cent of the animals were 
affected as against all the animals in the fluorine group. This condition slowly 
progressed and faint .striations were noticeable about the sixth wmek, but it is 
2 ioteworthy that the more severe sj-mptoms such as erosion of the tips or malfor- 
mations never occurred in any rat of this serieis, even at the end of the fifteen-week 
period. 

At-ray pictures of the skeletons of the rats failed to reveal any significant 
differences between these three groups. 

At the conclusion of the experiment the rats were sacrificed, and the corres- 
ponding femurs and their epiphysis were analysed for fluorine (ashing in presence 
of a fixative and distillation with silica and sulphuric acid). The results (see 
Table II) show that the rats receiving alum in addition to fluorine have stored 
much less fluorine in their bones as compared to the rats receiving fluorine alone. 

Tablk II. 


Fluorine content of the bones of the experimental animals. 


Group, 

Number of 
animals 
taken for 
analysis. 

1 

1 

! Femur, \ 
j per cent. 

i 

Epipliysis, 
per cent. 

Pbkcentaoe increase in 
F OVER CONTBOIi. 

Femur. 

Epiphysis. 

Control 

3 

1 

0-114 

0-201 

... 

... 

Fluorine group ... 

3 

0-381 

0-585 

234-2 

240-5 

Fluorine phis aluminium 

3 

0-312 

0-495 

173-7 

146-3 


Discussion. 

The amelioration of the symptoms of fluorosis, particularly the more severe 
symptoms, by the administration of aluminium sulphate in the diet of experi- 
mental rats has been confirmed by these experiments. ^ 

The absence of variations in the rate of growth in the three groups is not 
surprising when we consider the low level of fluorine administered (O'Ol per cent 
of diet). In two other sets of experiments where we had administered fluorine 
at the same levels, we have not been able to notice any difference in the rate of 
growth between the animals receiving fluorine and the control. Sharpless (he. cit.) 
also finds that by feeding fluorine at a level of 0-025 per cent in the diet, the rate 
of growth is not depressed and that it is necessary to feed fluorine at O'l per cent 
of the diet to get a perceptible decrease 
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The absence of any visible changes in Ihe skiagrams is not of any significance 
since the rats receiving only fluorine also showed no perceptible changes. 

Our knowledge of the detailed mechanism of the several effects of fluoride 
ingestion is not complete. .It may, however, be tentatively suggested that as soon 
iis'^tlie fluorides get^into the blood stream, they cause a depletion of the blood 
calcium due to the formation of calcium fluoride or of fluorapatite which then 
gets deposited on the long bones. If the diet is not adequate in calcium, it is 
conceivable that the skeleton is drawn upon for the requirements of calcium with 
the consequence that the bone becomes weak (Majumdar and Ray, 1943). In 
any case, the fluorine does not appear to affect other organs until the teeth and 
.bone are nearl}’’ saturated. It may even be suggested that the skeletal storage 
of fluorine is a defensive mechanism of the body. Brandi and Tappeiner (1937, 
(pioted by Eoholm, loc. cit.) record that there is a time-lag between the administra- 
tion of fluorine and its appearance in the urine. In other words, until the capacity 
of the skeletal structures is nearly exhausted fluorine does not persist in the 
blood and find its way into the kidne)’-. On this hi'pothesis it would Im reasonable 
to expect that the administration of calcium salts could spare the skeleton or 
reduce tlic more acute symptoms caused by administration of hea\y doses of 
fluorine but it would not be expected to prevent the formation of exostoses. 
Majumdar et al. (loc. cit.) found that administration of calcium phosphate did not 
prevent exostoses in bones of cattle recemng fluorine. 

The mechanism of the protective action of aluminium is not clear. Majumdar 
finds that the proportion of fluorine excreted through the intestines is only slightly 
increased in tlie animals receiving aluminium supplement and that this small 
increase cannot explain the protective action. Sharpless suggests that the pro- 
tective action is probabh' due to the formation of a slightly dissociated salt of 
calcium and aluminium. Some evidence for this view has been obtained in our 
cx])crunents on the possibility of iising calcium alurainate to remove fluorides from 
water. Wliatcver be tlie e.xact mechanism of the beneficial action of aluminium 
su])plcnient, the fluorine content of the bones can be e.xpected to give an 
indication of the amount of fluorine metabolized. The reduction in the amount 
(>{ fluorine stored in tlio bones of the animals receiving aluminium sulphate is, 
therefore, significant. 

It is ])roi)osed to undertake further experiments, p.articularly witli animals 
lial)ic to form cxosto.scs on ' the long bones, and conduct detailed metabolic 
studies to decide the precise role of aluminium in ameliorating the symptoms of 
fluorosis. 


SOM-MAUV. 

Thi'; work has confirmed the ameliorating effect of aluminium salts in fluorosis 
induced in albino rats and has shown that the skeletal storage of fluorine is 
appreciably reduced by the presence of aluminium in the diet. 


\\ e are grateful to Professor Ssubrahmanvan for his kind interest in the work 
Our thanks are also due to Dr. Devaraj and Dr. Jayaram of the BowTinu Hosnitah 
Baimalore, for their kind help in taking the j-rav ])icturos of the rats. 

J, MU 
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[Received for publication, January 14, 1949.] 

Though cases of gas-gangrene and tetanus were known to occur even in the 
days of Hippocrates, the real scientific study of the aneerobic wound infection began 
with the birth of bacteriology' in the latter part of the 19th century. In the earlier 
days, because of the faulty technique employed in the isolation of anterobes, the 
knowledge of these anaerobes was shrouded in mystery and a great confusion 
existed. It is in tliis confused state that the surgeons faced the first world war. 
ivith the result that in 1914 the incidence of gas-gangrene in the wounded, amongst 
the British Expeditionary Force, amounted to over 12 per cent. According to 
Zies.slcr (1940, quoted by Altemeir and Fniste, 1947) 100,000 German soldiers died 
of this complication during the first" world war. This at once transformed the 
ju'oblem of clostridial wound infection into one of highest importance and 
served as an effective stimulus to undertake a thorough study of the anaerobes and 
their role in the wound infection. Introduction of McIntosh Fildes’ jar was a 
step forward, which made it possible for the bacteriologists to obtain surface 
growths of annjrobes required for the isolation of the strains in pure cultures. 
Thanks to the combined efforts of the surgeons and the bacteriologists in the first 
world war. much of the oliscurity surrounding anaerobic wound infection was 
unravelled and gas-gangrene became established as a clinical manifestation, 
produced by a variety of pathogenic ann;robcs, either alone or in combination. 
In spite of the extensive work that followed the impetus, given by the first world 
war, which fortunately did not end with it, studies on anterobes were continued 
further. Many of the problems, such ns the pathogenesis of gas-gangrene, the 
immunity reactions that follow the iirfection, await solution and require rnorc work. 
With the advent of the second world war in 1939, this problem again assumed" 
major importance and attempts were made in this Laboratory to study the 
methods of cultivation of anrerobes and it ])ecame possible to isolate and identify 
few strains of anawobes with relative ease. Encouraged by the preliminary results 
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it, was decided to_ undertake the study of auferobic wound infection, in view of the 
fact that tlie incidence of closlridia in wound infection varies according to the 
geographical conditions. The knowledge of the organisms responsible for gas- 
gangrene m this part of the world was considered essential should India get 
enveloped in the world war. • ^ 

Material. 

This was made available from A-arious sources, such as exudates from the deep 
portions of fresh wounds, wounds in surgical wards, cases of tetanus or from 
autopsy cases in uhich a suspicion of anaerobic infection was entertained. In 
addition to this, samples of manure and road-side dust round the vicinity of the 
hospital compound were tested for the presence of anaerobes. Similarly, samples . 
of human and guinea-pig stools were submitted to bacteriologic examination in 
order to isolate strains of Cl. welchii to be studied in comparison mth the strains 
of Cl. welchii isolated from the cases of gas-gangrene. In all 210 samples were 
investigated for the presence of anaerobes. Table I gives their distribution 
according to the source : — 

Table I, 


Distribution of ancerohes according to sources. 


Source of material. 

• 

Fresh wounds 

47 

Surgical cases 

84 

Autopsy material 

20 

Samples of manure and road-side dust ... , ... 

15 

Samples of human stool 

IS 

Samples of guinea-pig stools ... ..." 

8 

Miscellaneous 

12 

Total 

210 


As in anaerobic wound infections, the type of injury has some bearing on the 
genesis of clostridial infection ; in Table II is shown the type of injury in 47 cases 
of fresh wounds studied for their anasrobic flora : — 

Table II. 


Tgpes of fresh xoounds. 


Incised wounds 

O 

Contused lacerated wounds involving skin and subcutaneous 

22 

tissue. ' 


Lacerated wounds involving muscles ... ... ... 

9 

Compound fractures ... ... ... ... 

11 

Punctured wounds ... ... _ ... ... 

i 

3 

Total 

47 
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Similarly, amongst the 210 samples was material collected from 25 clinically 
diagnosed, cases of gas-gangrene. Table III gives the type of injury in these 
25 cases, while in Table IV is shown the arrangement of these cases according to 
the site and outcome of the infection ; — 


Table III. 
Type of wounds. 


Crushed injuries with compound fractures 


U 


. ^ 1 
.'Viifcrobic infection secondary to tlie prc-c.visting gangrene | .3 

of other type. 

Brought about by traumatic peritonitis and intestinal perforation ! . 2 


I 


Post-natal 


Punctured wounds 
Not known 


Total ... | 25 


I 


Table IY. 


Site and outcome of the infection. 


\ 



1 










i 


1 




i 

.Silo. if 

X 

o 


' ,£ Total. 




1 



- c 

- r ^ 


C; C 

"r ^ 


— 

K r* 



Hccoveroil ... • 

2 ! 

i 

... ! 1 

4 S 

Expireil 

• » 

li i n 

1 1 13 

Could not ho trarod 

1 

... 

3 -t 
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Technique. 

The materia] from the various sources mentioned in Table I consisted either 
of {%) wound exiidates collected by means of sterile swabs from the deeper portions 
of the wounds, (w) small bits of tissues, e.g. muscle fibres, and (m) samples of stools, 
manure and road-side dust collected in a sterile container. After subjecting the 
material to the preliminary smear examination, a saline suspension was prepared 
by thoroughly mixing the material in 10 c.c. of sterile normal saline. This 
suspension was divided into two parts, one of which was heated either at 60°C. for 
30 minutes or at 80°C. for 20 minutes. The unheated saline suspension was 
cultured in nutrient broth and in cooked-meat media tubes. The latter medium 
as it supported the growth of both the aerobes and anaerobes acted as a stock 
material to which one could return if required. The inoculated tubes were incu- 
bated anserobicaJly at 37°C. At the end of 24 hours of incubation the cultures were 
examined. The heated saline suspension W'as seeded in the cooked-meat media 
tubes which were heated just prior to the inoculatioh in water bath for 20 minutes, 
to get rid of the dissolved oxygen. Particular attention was paid to inoculate 
large inocula consisting of pipettefuls of the suspension. These tubes were 
incubated anserobically. Anmrobiosis was achieved by McIntosh Fildes’ jar. The 
hydrogen w^as supplied from the hydrogen cylinder or from Kipp’s apparatus. 
A test-tube containing equal volumes of {i) N/IO NaOH 6 c.c. water to 100 c.c., 
(w) 3 c.c. of 0‘5 per cent methylene blue, and (m) 6 per cent glucose, boiled till 
it became colourless, W'as used as an indicator for aneerobiosis. The incubation 
time for anmrobic cultures varied from 24 to 96 hours depending upon the type 
of organisms. At the end of the requisite incubation period the jar was opened 
and the culture tubes taken out. Changes produced in cooked-meat media were 
noted as also the organism grown in the tubes. Sub-cultures were made on 
glucose (1 per cent) agar and glucose 1 per cent blood-agar slopes or plates, as 
a routine, slopes w^ere preferred to the j)lates. In some of the glucose-agar tubes 
the material was inoculated in the water of condensation. This procedure was 
useful in isolating organisms Idre Cl. teiani w'here surface gro\vths show the 
tendency to spread as a film over the entire surface of the medium. Two of 
the culture tubes were incubated aerobically and the rest anaerobically, the period 
of incubation varying from 24 to 96 hours depending upon the organisms. At 
the end of the required incubation period the characters of the- surface gro^hs 
of the organisms grown were studied and ascertained by smear examination. 
By fishing out the characteristic colonies sub-cultures were made in the pre- 
viously heated cooked-meat media tubes. These were incubated anserobically 
for the requisite incubation period. The procedure of alternate growth in liquid 
and solid media was repeated several times to ensure the purity of the strain. 
The anserobic character of the strain w'as ascertained by plating it on blood- 
agar and agar slopes and incubating some of these tubes mrobically and the rest 
anserobically. Absence of the growth in the tubes incubated aerobically indicated 
that the strain under study was an an^robic one. 

The isolated anserobic strain was identified by employing several criteria such 
as morphology, motility, -colony-characters and biochemical reactions. Animal 
pathogenicity was tested by injecting a young culture of the strain in a white 
mouse. Adopting this procedure it became possible to isolate 87 strains of 
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anssrobes from the 210 samples. The incidence of these strains in relation to 
the source from which they were isolated is shown in Table V. Table VI gives 
the incidence of anaerobes isolated from 25 cases of gas-gangrene studied : — 


Table V. 


Incidence of the strains isolated. 


Source of materia!. 

Cl. welchii. 

Cl. tetani. 

Cl. sporogenes. 

S 

ns 

! ^ 

1 V 

►c; 

0 

Cl. Mstolylicum. 

Cl. septicum. 

0 

5 S 

'■S 

C ! 

0 1 

Total. 

1 

Surgical cases 

; 9 j 

12 ! 

19 

1 

! 3 

1 

6 ' 

1 

i 1 


Fresh wounds 

1 ... i 

1 1 

5 



1 

1 

... 

Autopsy material 

•t 

3 

10 


1 ^ 

4 

1 

... 

Samples of manure and 
road-side dust. 

1 

... 

2 

2 


i 


... 

Samples of human and 
guinoa-pig stools. 

1 ® 

1 

i 

... 

: — 

... 

! 

... 

Misoollaneous 

I 

! 

... 

f 

I 

1 

... 

... 

1 

1 

... 

Totals 

( 

10 

1 

1 

IG 

30 

1 0 

i ** 

i ■ 

4 

1 

9 

1 

87 


Table VI. 

Incidence of ana'robes isolated from the cases of gas-gangrene. 

Cl. mkhii nlonc ... _ jq 

Cl. mMii ■with Cl. fcpticum ... ... _ . 3 

Cl. fffiltctijTi alonp ... _ g 

Cl. hiftohiUciim .nlonc ... ^ 

Xo orpnnisniR ... „ 


Tot.m. 
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Discussiuk. 

], Ancerobic flora of the fresl^ wounds. ~Jt has been suggested that the 
aiiferohes gam entry into tlie wound at the time of its infliction. , Clostridial 
contamination of fresh accidental wounds has been the subject of study by various 
workers. Altemeir and Gi})bs (1944) in their study of 99 wounds found Cl. vjelchii 
in _39-4 x^er cent and other clostridia in G per cent. They ascribe the higher 
incidence of the anaerobes in their series to the fact that the'wounds studied were 
extensive and visibly dirty. Pulaslci, Meleney and Spaeth (1941) investigated 
the bacterial flora of 200 wounds of which 102 were clean and 98 were dirty 
wounds. They reported the presence of Cl. welchii in 23 per cent of the whole 
series mentioning tliat tlie anaerobes contaminated the dirty wounds three times 
more frequently than the clean wounds. Miles el al. (1940) found Cl. welcldi in 
34-7 per cent, Cl. septicum in 2-2 per cent and other clostridia in 8-7 per cent in 
-16 cases investigated froni the war casualties in which the samples were taken 
within three days of the infliction of the wound. In view of these findings 
47 cases of fresh accident (Table I) brought to the casualty department of the 
King Edward VII Memorial Hospital, Bombay, were studied for the ana3robic 
flora. These w^ete cases of injuries caused by motor, tram, railway accident, 
etc. This group, .as wdll be seen frojn Table li, contained every tyj3e of injury. 
Largest number in this series was of contused lacerated wounds and compound 
fractures. 

Samples obtained from these 47 cases showed the presence of only 6 strains 
of aiiferobes (Table V), 5 were strains of Cl. sporogenes and one was of Cl. tetani. 
The main source of the anmrobic wound infection is soil and hence the incidence 
of anserobes in wound is bound to vary according to the content of aiiferobes in 
the contaminating soil. Reference to Table I shows that in the present study 15 
samples of manure and road-side dust round about the vicinity of the King 
Edward VII Memorial Hospital, Bombay, wmre collected and investigated for the 
qiresence of anmrobes. Only two strains of Cl. sporogenes were isolated from these 
samples. This would explain the low incidence of anterobes in the cases of fresh 
wounds investigated in the present study. MacLennan (1943) has published 
interesting observations in this connection. He was able to isolate 22 strains of 
Cl. welchii from 26 samples of soil from the cultivated lands of Airican desert, 
6 strains of Cl. welcldi out of 24 samples from the soiled areas and only one strain 
of Cl. welcldi in 41 samples collected from unsoiled areas. He also noted that 
when the fighting moved from the Western Desert to the more cultivated areas 
of Tripolitania and Tunisia, the incidence of aiiserohic wound infection increased. 
In a city like Bombay, the chances of contamination of the wound b}’- cultivated 
soil are less. This accounts for the longer incidence of anaerobic wound infection 
in the civil practice. 

2. Cases of clostridial wound infection. — Broadly speaking, cases of closlridMl’ 
wmund infection can be grouped as (a.) cases of tetanus and (b) cases of gas- 
gangrene. 

(a) Cases of tetanus. — In the present series 1 1 definite cases of tetanus were 
studied with a view to isolating Cl. tetcini. Only in 4 cases Cl. tetani could be 
isolated. Some of the wounds in these cases of tetanus -were either healing or had 
practically healed. In these cases it w^as not possible to collect material from the 
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deeper portions and this may account for the low percentage of positive cultures 
obtained from cases of tetanus. Out of the 16 strains of Cl. tetani isolated in the 
present series (Table V) 9 strains of Cl. tetani were isolated from wounds in which 
no suspicion of infection by Cl. tetani was entertained. It appears that clostridia 
may be present in the wounds merely as contaminating organisms. Thus, De Waal 
(1943) in his study of 708 wounds found the presence of anaerobes in 58 cases out 
of which only three developed signs of clostridial infection. Similar are findings 
of Fleming (1915), Fobertson (1941) and Manson (1932). 

(6) Cases of gas-gangrene. — In the period of about 3 years, during which the 
work of isolation of anaerobes was carried on, it was possible to obtain material 
only from 25 cases of clinically diagnosed gas-gangrene. This fact is in accordance 
with the low incidence of the anrerobic flora of both the fresh wounds and that of 
the road-side dust and manure met with in the study (referred to in the discussion 
above). Two main factors concerned in the genesis of gas-gangrene are : (i) the 
presence of pathogenic anajrobes and (ii) conditions favourable for the develop- 
ment of proliferating vegetative forms of these organisms in the wound. Tissue 
debility or the presence of necrosed tissue, particularly muscle fibres under high 
tension, jwoduces suitable conditions for anserobic requirement needed for the 
growth of these organisms. 

Table III shows that 14 out of 25 cases occurred as a complication of crushed 
■ injury and compound fractures. This association of crushed wounds and com- 
pound fractures with clostridial iiifection is also well borne out by the fin dings 
of other workers. .(Vccording to Callender and Coupal (1929, quoted by iUtemeir 
and Fruste, 1947), in American Expeditionary Forces, there were 1,329 cases of 
gas-gangrene amongst 25,272 cases of. fracture of bonc^. In Miller’s (1932) series 
fiO'5 per cent of cases collected from civilian life occurred in individuals wlm had 
fractured bones. 

In two cases in the present study clostridial infection resulted from traumatic 
rupture of intestine. These cases had an accident and showed the presence of 
marked hoamatoma in the abdominal cavity. Clinically, signs of gas and fluid 
were detected in the peritoneal cavity. On exploratory laparotomy these findings 
were confirmed and it was found that small intestine had ruptured at many place's. 
The avitopsy examination in addition to above showed foamy liver and spleen. 
From the peritoneal exudate and the liver Cl. rcelchii was isolated. These cases 
present an interesting feature as regards the source of infection which appears 
to bo autogenous. It is a well-known fact that clostridia are present in the 
alimentary tract and given a chance, as in these two cases, mnv cause the infection. 
In two other cases the infection followed an abortion. These patients were 
admitted for high temperature with the history of an abortion in a moribund state 
•Vutoiisy examination revealed cchymotic patches all over the body. There wa.s 
no evidence of any e.xtcrnal injury jn them. Liver and .spleen showed tvpical 
foamy a]ii)earancc. The peritoneal exudate and the liver and in one the products 
of gestation yielded the growth of the pathogenic amerobic organism. These cases 
merit .s])ccial mention because the clostridial infection after deliveiw is not 
common. Hill (1930) in his review of the literature could onlv find’ 84 such 
cases to which he added 30 of Ids own study. In view of Butler’.^ (1942) work it 
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is likely that the infection in the two cases referred to, may be due to the aneerobes 
normally present in the genital tract of women. v 

From Table IV it appears that the location of the wound has some bearing 
on the genesis of clostridial infection. The muscular areas, such as thighs, calf 
and buttock, seem to be well suited. Twenty-one out of 25. cases under study 
were located in these regions, while not a .single case was met with where the 
infection occiKred in the region of the scalp and face or thorax. Miller {he. cit.) 
in his collection of 607 cases collected from civilian life reports the frequency of 
site of infection as stated in Table VII : — 


Table VII. 


Regional frequency of cases of gas-gangrene in Miller’s series. 


I Per cent. 

Head and nook ... 

Trunk and genitalia 
, Upper extremitiefi 
Lower extremities 
Extremities eitlior left or right 


3. Bacteriologic findings in cases of gas-gangrene sUtdied. — Almost all of the 
samples collected from these 25 cases of gas-gangrene showed the presence of 
asrobic organisms such as' slreplococci, staphylococci, diphtheroids, ^ etc. American 
workers in the last war noted that the association of pathogenic Clostridia with 
Slreqjtococcics pyogenes and Staphylococcus aureus produced a more virulent 
infection than that caused by pathogenic anrerobes alone. It is likely that the 
presence of aerobes may have symbiotic and synergic effect because of the lowering 
of the oxidation-reduction potential necessary for the germination of spores of 
anaerobic organisms. 

Reference to Table VI indicates that in 23 out of 25 cases of gas-gangrene 
the responsible anaerobes wmre isolated. The clinical diagnosis in the two cases, 
which yielded negative results, was made on roentgenologic evidence of the 
presence of gas. This roentgenologic test for the diagnosis of gas-gangrene 
infection vvas first introduced during the last war. It was thought that this would 
enable the -surgeons to diagnose gas-gangrene long before clinical signs had 
developed. Later studies have shown that the gas may be present in the tissues 
as a result of other causes. M. R. C. War Memorandum hTo. 2 (1943) states In 
some cases gas bubbles may be seen in a;-ray films taken before operation and this 
finding may be of value in suspecting the diagnosis of anaerobic infection. It 
should be remembered, how''ever, that gas may be shown apart from the existence 
of true gas-gangrene and its extent often has no relationship to the clinical state . 
It is possible that the two cases in the present study in which no pathogenic 
anserobes were isolated from the material collected may not be cases of gas- 
gangrene. 


16-3 

22-6 

47-6 

11-3 
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Table VIII is a comparative table of inciderice of aneerobes responsible for 
cases of gas-gangrene in tbe present series along vrith those of other workers 


Table VIII. 


PcYceHlagc incidence of the 2)uthogcnic unccTohes in gcis-gcingrcne 
reported by various tvorkers. 




i 

j tVoinberg • 

' and Seguin 1 
i (1918). 

i 

1 i 

McIntosh , 
(1918). 

Henry 

(1918). 

i 

MaoLennan 

(1943). 

Present 

series. 

01. wclchii 


■ i -7- 

... i 7/ 

67-3 

1 80 

56 

52 

01, ccdcmaticns 


... i U 

1 

4 

10 

37 

xVi7. 

Oi. Jii'sloli/licioii .. 



... 

' 

6 

20 

01. scpticiim 


... I 13 

16-3 

' 13 

i 

10 

36 

Ol.fallax 

■ 

,,, j IG'5 

... 

1 ' 

1 



Tal)lo VIII indicates that the incidence of pathogenic anrorobes responsible 
for cases of gangrene varies in different countries. Thus, the incidence of 
Cl ivcJchii is highest in Henry’s (1918) series, while a lower percentage of the 
incidence is reported by JlacLennan {he. cit.) in his study of 146 cases from the 
.Middle East in the second world war. In the present study Cl icelchii accounted 
for 52 per cent of the cases studied. Similar variation is seen in Cl erdemaliens. 
This aiucrobc was not met with in any of the 25 cases studied, whde its percentage 
varied from 4 to 37 in the cases reported by other workers jnentioned in Table '\HII. 
The same can be .said of Cl histolyticum and Cl septicuni. As the main source 
of ana 3 robes is soil, the incidence of anjerobes in wound infection is bound to vary 
according to the anairobic flora of the soil in a particular region. However, in all 
the cases studied, Cl wclchii stands out prominently as the most frequent anasrobe 
responsible for cases of gas-gangrene cither alone or in combination with other 
aiuerobcs. 


Summary. 

1. Two Inindred and ten .samples collected from various sources, such as 
fresh wounds, wounds in surgical wards or autopsy room, were submitted to the 
bactcriologic investigation with a view to isolating anfcrobic organisms. Eighty- 
seven strains of aiuerobcs were isolated and identified from this material. 

2. The incidence of ana?robcs. isolated from cases of fresh wounds, cases of 

tetanus, and gas-gangrene, is discussed in relation to the findings of other workers 
talcing into consideration the type of wounds studied. ’ 

3. Cl. U'clchii either alone or in combmation with other anrerobes accounted 
for r>2 per cent of the cases of gas-gangrene investigated in the present scries. 
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MUTUAL INFLUENCE OF NICOTINIC ACID AND 
RIBOFLAVIN IN METABOLISM. 

HY 

H. N. DE, 

AND 

S. N. BANERJEE. 

{From the Nnlriiion Research Unit, I. R. F. A., at the Biochemical Laboratory, 

Dacca University.) 

[Uocoivod for publication, November 29, 1948.] 

Introduction. 

With progress of researclies on the physiological function of the rliffercnt 
vitamins, attention has recently lieen directed to the investigation of their mutual 
influence in metabolism. Patients suffering from chronic deficiency of one 
particular member of B-coinplex are often reported to manifest the symptoms of 
the multiple deficiencies with regard to its other members and investigation has. 
therefore, been carried out in some laboratories to see whether the massive 
administration of one member of B-complex affects the metabolism of the others 
and also to see how far the state of deficiency of one member of the B vitamins 
affects the absorption and storage of the others. 

Lehman and Nielsen (1939), Braendstrqp (1940) and Salvc.sen (1940) observed 
that when the patients suffering from multiple dietary deficiencies as climacteric 
depression, etc., resulting from the intake of meatless, milkless and other sort-s'of 
deficient diets undergo treatment with doses of vitamin Bi alone, the symptoms 
of pellagra resulting from nicotinic-acid deficiency are intensified. On the other 
hand Sydenstriker (1941) found that when nicotinic acid was ingested by patients 
suffering from pellagra, the .symptoms of the deficiency in other factors were 
intensified. In contradiction to the work of Ferrebee and Weissman (1943) and 
Singhcr ct ah (1914), Sure (1944, 1945) has shown that large urinarj* riboflavin 
excretion encountered in chronic thiamine deficiency in rats is not due to enhanced 
tissue catabolism or any change in absorption but mostly due to poor utilization 
of the dietary riboflavin. Klopp ct ah (1943) failed to produce any symptom of 
riboflavin deficiency, cither clinical or chemical, in human subjects, except some 
transitory rise in riboflavin excretion, after daily administration of thiamine for 
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as long as seventy-three days. As regards the efiect of riboflavin deficiency on 
thiamine utilization, Sure and Ford (1942) observed that such nutritional condi- 
tion does not affect the urinary excretion of thiamine. 

The vrork discussed above indicates a possible mutual inter-relationship 
between thiamine and riboflavin and between thiamine and nicotinic acid, but 
literature so far available does not furnish any information regarding the mutual 
effect of riboflavin and nicotinic acid in metabolism. Since these two vitamins 
take essential part in various enzymatic actions, the study of the above problem 
may furnish some new information regarding their physiological functions, and 
with this possibility in view the present work on mutual inter-relationship between 
nicotinic acid and riboflavin has been -taken up. 

Experimental. 

Twelve adult rats weighing between 168 g. and 212 g. were selected for the 
experiment and were given the basal diet of the composition shown in Table I. 
The casein used in the experiment was freed from nicotinic acid and riboflavin by 
repeated washings with water and alcohol. Tlie diet prepared from such casein 
contained a low quantity as 0‘3 ^g. of niacin and 0*02 jug. of riboflavin per g. of 
food. 

After preliminary depletion period of seven days on the above basal diet the 
urine and the fmces of the twelve rats were collected daily for a further period of 
three consecutive days on that diet and their nicotinic acid and riboflavin were 
measured. After this basal period the rats were divided into two groups, each 
containing six ; one (group A) was then given graded doses of niacin varying from 
5 ftg. to 1,000 Jig. and the other (group B) was given riboflavin in doses varying 
from 5 Jig. to 500 jig. The daily collection of irrine and freces on any particular 
dose of the supplement was begun after a preliminary period of four’ days on that 
dose and continued for a further period of three days. "WTien the rats of group A 
were given graded dose of niacin, no extra riboflavin except that available from 
the basal diet was given to them and thus they were made partially deficient 
with regard to riboflavin. Similar was the ease with rats of ^oup B which did 
not receive any extra nicotinic acid when graded dose of riboflavin was given to 
them and thus they were made partially deficient with regard to nicotinic acid. 
The rats were fed ad libitum and each consumed 8 g. to 12 g. of food per day which, 
however, supplied on an average 3 jig. of nicotinic acid and 0'2 jig. of riboflavin. 

The following methods were adopted for the analysis of nicotinic acid and 
riboflavin : — 

Nicotinic acid : By the methods of Swaminathan (1942) and Wang and 
Kodicek (1943). 

Riboflavin : By the fluorimetric'’method of Slater and Morell (1946). 

Results anp discussion. 

A. Effect of nicotinic acid on riboflavin excretion and vice versa . — The effect ■ 
of administration of graded dose of nicotinic acid on riboflavin excretion is 
presented in Table I from which it will be obsenmd that when the rats of group A 
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• 'riio r,ita were only given tho baanl diot without any additional do 80 of nicotinic acid and riboflavin. Tbo basal diet was composed of 
rnsoin— 18 nor cent, Osborno and Mendel salt mixture — I por cent, sugar — 8 per cent, starch — C-1 per cent and ground-nut oil— 0 per cent. 
Vif-amins A and D wore given in tho form of cod-liver oil in bi-weekly dose of 0'5 g. Thiamine and pyridoxmo wore given m daily dose ol 
10 ;iK. anil ‘-0 /ig. respectively. 
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were kept on basal diet without any additional dose of nicotinic acid the average 
daily riboflavin content of urine aiid fajces were found to be 6-0 /xg. and 4-2 /x^. 
respectively. When nicotinic acid was_ ingested in graded doses ranging from 5 fig. 
to 1,000 /xg. to the above rats, the riboflavin excretion in their faeces remained 
almost constant but in urine it sliowed slight increase. At the maximum dose of 
] ,000 /xg. of nicotinic acid the urinary excretion of riboflavin was found to elevate, 
to 7-5 /xg. but this increase from G'O fig. to 7'5 fig. does not seem to be much 
significant in consideration of tlie high dose of nicotinic-acid supplement. The 
results show that excess administration of nicotinic acid does not Faflect the 
riboflavin excretion of the animals. 

Similarly, when the rats of group B were kept on the same basal diet they 
excreted on an average 15'1 /xg. and 38-0 /tg. of nicotinic acid in faeces and urine 
respectively and these urinary and faecal excretions did not show any variation 
even when graded dose of riboflavin ranging from 5 fig. to 500 /xg. was administered 
along with the above diet. The results, therefore, clearly indicate that massive 
dose of riboflavin intake does not interfere with the urinary and faecal excretions 
of nicotinic acid under the above dietary conditions. From the present inves- 
tigation on the mutual inter-relationship between nicotinic acid and riboflavin it 
is evident that massive administration of one of these vitamins will not aggravate 
the deficiency of the other. Thus, these two vitamins are not expected to interfere 
with the excretions of each other even when they are present in optimum level in 
the diet. The fact that the total eliminations of riboflavin and nicotinic acid 
rema.in unchanged when one of them is given in excess in the diet, leads also to 
the supposition that massive administration of one of the above vitamins does 
not influence the tissue storage of the other. 

It is interesting to note here that the rats fed on the basal diet supplying 
about 3 /xg. of nicotinic acid and 0'2 /xg. of riboflavin daily excreted on an average 
a large total urinary and ffecal excretion as 8 /xg. to 10 /xg. of riboflavin and _50 /xg. 
to 55 fig. of nicotinic acid daily. That this high elimination of riboflavin and 
nicotinic acid on above diet is due to microbial synthesis of these vitamins in the 
intestine has been observed by different workers as reviewed by Daft and Sobrell 
(1945) and also from recent investigation in this Laboratory (De, Datta and Eoy, 
1948). Mutual ineffectiveness of the added dose of riboflavin and nicotinic acid 
on the above basal excretions as shown in Tables I and- II also suggest that 
microflora which synthesize riboflavin do not require nicotinic acid as their growth 
factor and others synthesizing nicotinic acid can grow in absence of riboflavin. 
Probably same species of bacteria is involved in the synthesis of both nicotinic 
acid and riboflavin. 

B. Utilization of the added, 'dose . — Sure [he. cit.) in their experiments on 
thiamine-riboflavin inter-relationship have also determined the percentage absorp- 
tion and utilization of the dose of riboflavin ingested to rats suffering from partial 
chronic deficiency on thiamine. In their experiments the percentage absorption 
had been calculated simply by deducting the fgecal output from the dietary intake 
and the percentage utilization by deducting the urinary output from the quantity 
absorbed. From the present knowledge of the metabolism of water-soluble 
vitamins it is, howmver, known that the faecal and urinary output of any particular 
member of the B vitamins on any particular dose represent not only the 



S/iowinq the effect of graded dose of ribojlavin on the excretion of nicotinic acid. 

The data represent the daily average values per rat in /ig. The percentage absorption and 
ntilization of the added dose of riboflavin, is also indicated. 
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Tlic rat;) were only given the bn.fal diet without any additional doso of ribollavin and nieotinic acid. 
The ba'ial diet used here was the same a.s employed in the previous experiment indicated in Table I. 
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unabsorbed and unutilized portion of the added dose but also a certain amount 
which is constaiitly excreted even when tlie diet is almost free from that vitamin 
and these nrinarv and frncal excretions on a such deficient diet may be regarded 
as ‘ endogenous ’ in origin. Although the above basal fsecal excretion is bacterial 
in origin as has been indicated previously, it has been designated as ‘ endogenous ’ 
for the reasons discussed below, 

Mitchell (1929) and other inve.stigators in their accurate determination of the 
digestibility of protein by animals made correction for that fraction of feecal 
nitrogen which is contained in substances in the animal body and which is excreted 
regularly even when the annuals are kept on nitrogen-free diet. The nitrogen 
thus excreted has been termed the ‘ metabolic nitrogen of the fmces ’ — a portion 
of which among other substances as digestive juice, epithelial cells and mucus 
material, is represented by bacteria. As a rule, the bacteria cannot logically be 
classed under ‘ metabolic nitrogen ’ since they developed at the expense of "food 
nitrogen as well as at the expense of that in the form of intestinal secretions, 
and the nitrogen of these bacteria should, therefore, be considered as food nitrogen . 
which has been fixed in the intestine as bacterial protein and which has escaped 
absorption. Since this bacterial nitrogen represents a different sort of nitrogen 
wastage than the undigested food nitrogen, it has, however, also been classed under 
‘ metabolic fsecal nitrogen 

In case of nicotinic acid, riboflavin and other B vitamin excretions in fteces 
of animals on a diet free 'from the above vitamins, the fact seems to be quite 
otherwise. In the present case there is every possibility that nicotinic acid and 
riboflavin excreted in faeces on the above basal diet remain fixed in the body of 
the bacteria the growth of which, however, depends to a certain extent on 
the nature of the dietary carbohydrate, but since these vitamins are synthesized 
by the above bacteria in the intestine from simple non-nitrogenous and nitrogenous 
precursors not related to these vitamins, it may be conceived that the riboflavin 
and nicotinic present in the fmcos of the animals on deficient diet do represent 
neither the unabsorbed food residue nor the body vitamins wasted in the form of 
bacteria. Najar and Holt (1943) in their study of biosjmthcsis of thiamine in 
human subjects have shown that appreciable amount of thiamine found in the 
stools of the subjects neither comprised tlie unabsorbed food residue nor represent- 
ed the excretion product of the bod}'- into the stools but was actuall}'- the synthetic 
product of the intestinal bacteria. In the light of the above discussion the ' 
fsecal excretion of riboflavin and nicotinic acid on the above basal diet as has been 
recorded in the present investigation may tentatively be regarded as ' endogenous ’ 
in origin. In this connection, it is further mentioned that the above fsecal 
excretions did not show any appreciable variation from rat to rat and this helps 
to substantiate the above conception of ‘ endogenous ’ fmcal excretion of riboflavin 
and nicotinic acid. Experiments are, however, in progress to get further 
information on the above controversial subject. 

To deduce the absolute values of absorption and utilization of the added dose 
of any particular vitamin the ‘ endogenous ’ faecal and urinary eliminations should 
be deducted from the total fmcal and urinary eliminations on each dose of 
the vitamin under investigation. In the present investigation the above endo- 
genous fraction has been determined by measuring the urinary and fa3cal output 
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on basal diet almost free from nicotinic acid and riboflavin, after depletion period 
of seven days v itli that diet, and the absolute Values of absorption and utilization 
of the added dose have been calculated according to the following formula : — 


Tot.il absorbed 

Per cent absorption ... 

Total utilized 

•Per cent utilization ... 


D - (F, - F.) 

D - (F. - F,) X 100 
D 

D-(F,-F,)-(U.-U.) 

- VV) X lOO 
D-(F,-F,) 


tVlicro D 
F, 
F, 
U- 
U. 


represents added dose of nicotinic acid or riboflavin. 

,, total ficcal output on the added dose. 

„ ‘ endogenous ’ focal output on basal diet. 

„ total urinary output on .added dose. 

,, ' ondogcnou.s ’ urinary output on basal diet. 


Calculating in the above manner it has been observed that at all levels of 
intalce the percentage absorption of the added dose of nicotinic acid and riboflavin 
remained constant in the region of 90 to 100 (Tables I and II). "When their 
utilization is considered these two vitamins, however, seem to behave in different 
manners. In case of riltoflavin the percentage utilization of the added dose 
at all levels of intake from 5 //.g. to 500 /xg. was found to lie almost unchanged in 
the range of GO to 70, but in case of nicotinic acid the above value showed tendency . 
to inorcase with the increase of the dose. When this acid was ingested at the level 
of 5 /tg. per day (Table II) almost all the ingested dose was excreted through the 
urine and only a small per cent as 8‘7 of the added dose was found to be utilized' 
in the body. On the contrary when the dose was raised to 1,000 pg. per day as 
largo an amount as 97'8 per cent of the added dose was utilized in the body. 

The results of Sure (loo. cit.) in which this endogenous source has been 
totally discounted do not .seem to reptesent the ‘ absolute ’ v.alues of absorption 
and utilization of the added dose of ribofl.avin. 

In a previous communication from this Labor.atory (De and Banerjce, 1918) 
it has boon shown that human subjects possess a limited capacity to excrete 
nicotinic acid through the urine which, however, cannot be raised even when 
higher dose is administered. So with reg.ard to the utilization of nicotinic acid 
rats and human subjects behave in quite diflerent manners. 


Su.MMAKY. 

1. Bats kept, on diet having negligible amount as 0-.3 pg. nicotinic acid and 
0-02 ;ig, riboflavin per gramme of food cast out on an average a total urin.ary and 
fiecal elimination of 59 pg. to 55 pg. nicotinic acid and 8 /.g. to 10 pg. riboflamn 
]ier day. 

2. The above excretion of nicotinic acid was not affected even when graded 
dose of riboflavin varying from 5 ;tg. to 500 pg. was ingested .and likewise the 
riboflavin excretion remained unchanged when nicotinic acid was administered in 
daily do^e varying from 5 p?. to l.OOfT per. 

o. It is conclmbHl that massive .administr.ation of one of the aliovc (wo 
vitamins does not influence the absorption and the storage of the other. 
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4. Modified method iias been described for calculating the percentage 
absorption and utilization of the added dose of B vitamins by taking into 
consideration the ‘ endogenous ’ urinaTy and faical output derived from the 
microbial synthesis in tlie intestine of rats kept on diet free from the vitamin 
under investigation. 

5. The percentage absorption of the added dose of nicotinic acid and 
riboflavin at all levels of intake vas found to remain constant in the region of 
90 to 100. 

G. The percentage utilization of riboflavin was found to remain unchanged 
in the range of 60 to 70 at all levels of intake, whereas that of nicotinic acid 
increased from 8‘7 to 97 '8 with the increase of the dose from 5 fig. to 1,000 /xg. 
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Introduction. 

Copper and jianganesb form tlie normal constituents of all tissues of animal 
and plant kingdom hut their importance in nutrition has been realized only m 
recent years. The literature regarding the human requirement of these nutri- 
lionally essential elements is meagre. 

Schoular (193G) -showed that the children of ages between .3 and G j^ears 
required 0’003 mg. to 0-085 mg. of copper jter kilogram body-weight. Daniels and 
Wright (1934), by fifteen balance studies on eight children ranging from 4 to 
G ycar.s, have shown that they required O'lOO mg. of copper per kilogram body- 
weight. The investigations of Chou and Adolph (1935) carried out on adult men and 
of Leverton and Binkley (1914) on adult women b.ave shown that copper 
roquirement should range lietwccu 2-0 mg. and 2-5 mg. per day. The unpublished 
data of Basil and Gupta (194G) from this Laboratory have indicated the value of 
Ihc copper requirement in the range of 2-3 mg. per dav. 

Everson and Daniels (1931) on studying twelve manganese-balance cxjieri- 
monfs with seven children of -1 to 0 ye'ars of age at three levels of ingestion 
suggested that the diet for children should contain between 0-20 mg. and 0-30 m". 
of manganese per kilogr.am body-weight. Basil and Malaker (1940) working 
with normal adults in this Laboratory found the manganese requirement to 
be -i'C mg. per day. 

3 ho present work has been taken u]> to investigate the copper and manganese 
requirement of normal Indian adult by statistical analvsis of the data of output 
at difTercnt. levels of intake and to study how far the Indian rice and wheat diets 
can satisfy thc^e requirements. 
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Experimental. 

Tliirt}'- balance studies of copper and twenty-seven of manganese metabolism 
Lave been carried out on nine male adults. The experimental diets, subjects, 
procedure and the technique of collection of urine and fmces were the same as that 
reported in our previous paper (De and Basu, 1949), 

Copper was estimated by the method of Callan and Henderson (1929) as 
modified by Mcfarlene (1932) and Hoar (1937) by tlie use of the reagent di-ethyl- 
di-thiocarbamate and manganese by the method of Skinner and Peterson (1930). 
Since only minute traces of manganese were found in the urine, only the fmcal 
output was estimated in case of manganese metabolism. All possible precautions 
were adopted to avoid any contamination. Aluminium utensils were used for 
■cooking the diets and the analyses were carried out in a .specially prepared glass 
room. 


Result.? and discu.ssion. 

Mdaholic studies with rice and wheat diets. 

Copper . — Tlie results jiresented in Table I show that the copper content of the 
rice diets (botb vegetarian and non -vegetarian) varies from 2 '38 mg. to 6‘28 mg. 
with, the mean value of 4h3 mg. On wheat diet the intake ranged from 4T3 mg. 
to 8‘64 mg. with the mean value of 5‘83 mg. 

At all levels of intake on both rico and wheat diets the balance of copper 
remained positive and increased steadily with the increase in the level of intake. 
The balance of copper on rice diet ranged from 0’26 mg. to -f 3 ’62 mg. with 
the mean value of -f- Ihl mg. and on wdieat diet ranged from + 1'09 mg. to 
-{- 4*35 mg. with the mean value of -f- 2*44 mg. 

Ma7iganese . — In case of rice diets the intakes of manganese (Table H) 
ranged from 7'28 mg. to 12‘43 mg. with the mean value of 9’81 mg. and in case of 
wheat diet, with the exception of one having the dietary content as low as 6’42 
mg., the intake ranged from 7T4 mg. to 13‘81 mg. with the mean value of 9’61 mg. 
The average balance on rice and wheat diets were found to be -j- 3 '21 mg. 
and + 3 '28 mg. respectively. 

The above results show that both the rice and wheat diets can keep the 
normal subjects in high positive balances of copper and manganese. 


Metabolic studies with sago diet. 

Four metabolic experiments on sago diet containing 550 g. to 600 g. sago, 
200 g. sugar and 50 g. ghee (butter-fat) have been carried out on two normal 
individuals and the metabolic results have been presented in Table III. The data 
shows that this diet can supply just an adequate amount of copper to keep the 
normal adult in positive balance. On an average intake of 2 '83 mg. of copper 
the average balance was found to be on the positive side of + 0’74 mg. As 
regards manganese the subjects on this diet maintain negative balance. On an 
average intake of 0-71 mg. the mean output was found to be 1‘76 mg. and 
the subjects thus showed a deficit of -- I’OS mg. of manganese per day. ■ 
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Table I. 

Copper melahoUsm with- rice and wheal diets. 


The figures indicate the daily averages in mg. for intakes., outputs 
and balances over six or nine days. 


Experimental diet. 

Experimental 

subject. 

Dietary 
intake of 
Cu. 

Urinary 
output of 
Cu. 

F.-ccal 
output of 
Cu. 

Total 
output of 
Cu. 

Balance 
per day. 



P. C. D. ... 

2*73 

0-41 

1'5G 

1-97 

+0-76 



S. G. P. ... 

3-8.7 

0-28 

2-6.5 

2-93 

+ 0-92 

Vegetarian rice diet ...- 


P. C. G. ... 

3-88 

0-39 

2-18 

2-57 

+ 1-31 



G. C. D. ... 

3-91 

0-.72 


3-22 

+0-09 



P. C. D. ... 

4-33 

0-38 

2-S8 

3-20 

+ 1-07 


r 

G. C. D. ... 

2-38 

0-29 

1-83 

2*12 

+ 0-20 



P. C. D. ... 

2-98 

0-32 

2-15 

2-47 




G. C. X. ... 

3-05 

0-37 

1-28 

1-05 

+ 1-40 



P. C. G. ... 

4-00 

0-39 

2-10 

2-55 

+ 1-51 



G. C.N. ... 

4-08 

0-34 

1-89 

2-23 

l*8i> 



K. R. G. ... 

4-24 

0-21 

3-16 

3-37 

+ 0-87 



IK. R.G. ... 

4-52 

o-co 


2-80 

+ 1-72 



, K. R. G. ... 

4-G2 

0-71 


3-40 

•f 1*22 

Rioe-fiah diet ...4 

' G. C. D. ... 

4-93 

0-33 


3-36 

+ 1-02 


i 

' G. C. D. ... 

.7-12 

0-42 

3-18 

3-GO 

+ 1-52 



G. C. N. ... 

5-24 

0-40 

3'28 

3-CS 

4-1 -50 


, 

G. C. X. ... 

5-31 

0-31 

2-71 

3-02 

-{-2-29 



H. P. E. ... 

5-01 

0-34 


3-34 

4-2-27 



, H. P. D. ... 

013 

0-50 

3-52 

4-08 

-i-2-03 



H. P. D. ... 

(i'io 

0-3S 

2-15 

2-53 

-f3-C2 



, G. C. X. ... 

0-18 

0-58 

3-14 

3-72 

-J-2-4b 


k r. c. D. ... 

0-28 

0-41 

4-15 

4-50 

-i-1'72 

Average 


... 

4 -.73 

0-40 

2-02 

3-02 

-M-51 


Wliole-vlicat diet 


K. B. G. 
G. C. X. 
G. C. X. 
G. C. X. 
G. C. X. 
l\ C. G. 
G. C. B. 

r. c. n. 


4-13 
4 -28 
-.•20 
r)-2.8 
->•44 
ti‘4.-. 
7-18 
SCI 


0-.73 

0-34 

0-52 

0-49 

0-51 

0-32 

(>•31 

0-3S 


2-.-.1 

1- S2 

2- 27 

3- .78 
415 
3-20 
3-91 


3-04 

-Ll-09 

2-10 

-1-2-12 

2-79 

, -i-2-47 

2-77 

-f2-51 

4-09 

-1-1-35 

4-47 

-i-1-98 

3-51 

-i-3-C7 

4-29 

-1-4 -35 


.\vcr.ice 


.•S3 


0-42 


2-97 


3-39 


-f2-44 
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Table II. 


Manganese mclaholism with typical rice and wheal dicls. 

T]ic figiires indicate the daily a-A'^erages in mg. for intakes, outputs 
and balances over six or nine days. 


E.vperi mental diet. 


^^cgctavian vice diet. . 


Ricc-fisli diet 


Average 


Wliole-Avlieat diet 


Average 



Kxpcriracntal 
! subject. 

Dietary 
intake 
of !Mn. 

P.-pcnl ■ 
output of 
Mn. 

Balance 
per day. 


1 

G. C. D. ... 

■ 

7-.'.S 

.7-4.7 

+2-13 


G.C. D. ... 

7-09 

G-45 

+ 1-14 

■■ 1 

■G. C.D. ... 

8-47 

.7-32 

+ 3-1.7 


L‘ P. C. G. ... 

1 

10-79 

G-Gl 

+4-18 

r 

H. P. D. ... 

7-28 

;7-05 

j-2-23 

P, C. D, ... 

8-07 

4-77 

+3-30 

S. G. P. ... 

8 -89 

;7-97 

+2-92 

G. G. N. ... 

9-41 

G-42 

+2-99 

G. C. D. ... 

9-48 

f7-86 

+3-62 

; K. R. G. ... 

9-71 

G-48 

+3-23 

! K. R.G. ... 

9-81 

C-38 

+ 3-43 

G. C. IX ... 

9-88 

.7-72 

+4-16 

...-I 

( 

G. C. N. ... 

9-81 

G-70 

+ 3-11 

K. R. G. ... 

10-12 

7-58 

+2-54 

1 

i 

G. C. N. ... 

10-18 

G-14 

+4-04 

1 

1 

G. C. D. ... 

10-94 

8-GO 

+2-34 

i 

G. C. N. ... 

10-98 

G-54 

+4-44 

1 

. H. P. D. ... 

11-24 

G-S9 

+4-35 

j 

: G. C.N. ... 

11-28 

8-34 

+2-94 

1 

H.P. D. ... 

12-18 

8-74 

+ 3-44 

L P. C. D. ... 

i 

12-43 

8 -Cl 

+ 3-82 

! 

1 

i 

9-81 

G-GO 

+3-21 , 


. 

! 

■ G. C. N. ... 

G-42 

3 -58 

+2-84 


G. C. N. ... 

7-14 

4-49 

+2-65 


K. R. G. ... 

7-28 

5-56 

+ 1-72 

• 

1 G. C. N. ... 

7-38 

5-14 

+2-24 


i P. C. D. ... 

12-14 

7-63 


G. C.N. ... 

13-14 

8-28 

+4'86 


P. C. D. ... 

1 

1 

13-81 

9-G6 


... 

> 

( 

1 

1 

1 

9-Gl 

6-33 

+3-28 
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Table III. 

Copper and manganese metabolism with sago diet. 

The figures indicate the daily averages in mg. for intakes, outputs 
and l)alances over six days. 


Diet. 


Sftzo 


.\ver.ipe ... 


CorrBR MET.\BOT.I.SM. 


Maxoaxe.'^e 

Mr.TMtoi.isyi. 


Expcrinicnt.nl ; 
siilijcct. 


I s 


p. 

.4^ 

O 


I 


I 


G. 0. X. 


G. 0. D. 


2-ni 

.2-37 

2-41 


I 


0-20 2-14 I 2-.14 i 0-.77 0-74 l-lCt 


0-3.". : 2-OS 2-43 

I 

0-54 i 1-12 I 1-OG 


2-()3 I 0-4.') : 1-4S ; 1-93 


4 0-94 0-70 2-09 

p-0-73 0-09 1-3S 

-fO-70 : 0-71 2-41 


- 0-42 

-1-39 

-0-09 

-1-70 


2 -S 3 . 0-38 1-71 


2-09 4-0-74 0-71 1-7(1 -1-0.7 


AsSE.ssmeXT of MIXI.Mr.M REQUIUEMF.XT.S OF COPPER AND MAXGAXE.SE. 

'I’o evaluate the minimum requirement of a particular clement for projier 
nutrition it is ncccs.sary to have some data of intake rvliich almost balance the 
output. In the pre.sont investigation, only in case of sago diet (Table III) a few 
data of intakes are available at which the balances of cojiper and manganese 
become almo.st zero. These intakes at low levels give only a rough estimate of 
(he minimum requirement for copper and manganese. In order to determine 
thc.xe values more accurately, the data of intakes and balances presented in 
rablc.s I. II and HI have all, therefore, been treated statistically in a 
way similar to that adopted by Lcitch (1937) and Leitch and Duckworth 
(1937) in their assessment of the minimum requirements of ])rotein and 
calcium. 

The intake.s have been grouped according to different ranges (Table IV) and 
the mean values of balances corresponding to the mean values of intakes at 
difieront range-groups have been fitted up in a regression line— each scpaEitelv 
for copper and manganese (sec Graphs 1 and 2). " ^ ' 
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Table IV. 


Showing the mean valves of balances corresponding to mean 
valves of inlahes al different ranges. 

The figures are expressed in mg. per day. 


Copper metajiolism. 

1 

JIaXCAKESE METABQLISAr. 

Range of intake. 

l^Iean 
intake. j 

! Mean 

balance. 

Range of intake. 

Jlean 

intake. 

Mean 

balance. 

2-00 

to 

2-99 

2-C9 j 


0-00 

to 

0-99 

' ' 0-71 

-1-05 

3-00 

to 

3-99 

; 3-ci 

-f 1-0.7 

C-00 

to 

7-99 

I 7-25 j 

+2-13 

4-00 

to 

4-99 

: 4-33 

i +1-5G 

8-00 

to 

9-99 

9 -28 1 

+3-32 

5-00 

to 

5-99. 

[ 5-33 

i +1-99 

10-00 

to 

11-99 

j 10-79 

+3-55 

6-00 

to 

0'99 

: 0-24 

* -f2-34 

12-00 

to 

13-99 

12-47 

+4-15 

7-00 

to 

S'99 

7-91 

1 +4-01 




• 

1 

\ ■ ! 

... 



Graph I.-— Regression line for copper requirement. 
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X Intake of manganese in mg. 

Gr.\rn 2. — Itcgrcfsion line for manganese requirement. 


Tlic values of ‘ r ’ were found to be O’OSo and 0’992 for copper and manganese 
respectively and were tested to be highly significant. Y = 0'C3i X — 1‘282 and 
0‘-151 X — r235 reitrcscnt the relationship between the balances and the intakes 
of copper and manganese respectively. At zero values of Y, X becomes 2‘02 and 
2’7I for copper and manganese respectively expressed in mg. and these values of X 
tentatively represent the minimum requirements of copper and manganese for 
normal Indian adult. Further data of balances of these elements at different 
levels of intakes .arc accumulating in this Laboratory to obtain the above require- 
ments conclusively. 
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Tlic ininiinuni cojopcr requirement of 2-02 mg. as deduced in the above way 
corroborates with tlie minimum limit as suggested by Chou and Adolph 
(/oc. cit.) and Leverton and Binhdey {he. cil.) in their studies on adult men and 
women. 

The higher value of manganese requirement of 4‘6 mg. as deduced by Basil 
and Malalcer {loo. cit.) is inobably due to insufficient number of balance observa- 
tions from which the above value of the minimum requirement has been calculated. 


Tij^eef of fat on the metabolism of copper and manganese. 

It is observed from the results presented in Tables I, II and III that the 
balances of cojjper and manganese progressed steadily with the increase in the 
level of intakes. Although the type of the fat used in rice, wheat and sago 
diets was different — mustard oil in rice diet and ghee (butter-fat) in wheat and sago 
diets — ^the higher values of intakes and balances due to wheat diet and lower value 
due to rice diet have fitted in the same regression line in both the cases of copper 
and manganese. It is, therefore, evident that the nature of the fat does not 
influence the metabolism and requirements of copper and manganese. 


Su.MMARY. 

1. Metabolic studies of copper and manganese on seven normal male adults 
with rice and wdieat diets have shown that the typical rice and wheat diets of India 
contain sufficient amount of copper and manganese to keep the normal individual 
in positive balance with tliese elements. 

2. By fitting up the regression line of balances on intakes, the minimum 
requirements of copper and manganese have been calculated to be 2 ‘02 mg. and 
2'74 rag. per day respectively. 

3. The type of the fat used in the j)reparation of the diets does not affect the 
metabolism and requirements of copper and manganese. 


Thanks arc due to Dr. K. P. Basil for his kind encouragement in the 
work. . . 
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Introduction. 

The assay of vitamin A is carried out by liiological, chemical and physical 
methods. Tlic curative rat-growth assay (biological) is one of the most difficult 
hio-.ass.ays requiring skilful .attention .and meticulous care in the actu.al test, calcula- 
tions aiid interpretations of data. It is tedious, time-consuming and e.vpensive, 
and the results .arc liable to v.ariation as in the ease of most bio-ass.ay procedures. 
It is not applic.ablc in routine ass.aj's, but must be used occasionally in checking 
the results of .standardization by chcmic.al .and physical methods. 

The most widely used chemical method is the Carr-Price reaction, where the 
bine colour formed when vitamin A is treated with .antimony trichloride is 
measured jihoto-elcctrically. The chief disadvantages of this method arc that 
the blue colour fades rapidly, the reagent is corrosive and is extremclv sensitive 
to moisture, and often non-typical colours are produced. 

The physical method most commonly employed is spectrophotometric, which 
is based on the measurement of light ab.sorption of the vitamin in solution. 
The maximum absorption band is 328 m;i (324 m/i to 328 ni/i) and it is 
]iro)iortional to_ the conoentration of the vitamin. The solvants used for the 
absorption is cither ethyl alcohol or iso-propyl alcohol or eyelohcxane. .Although 
the. s]>eeiririty of this method is not as high as in the'chemical method due 
to possible non-specific absorjition, tho precision and ropro<lucibilitv arc higher 
in the spcetrojdiotomctric method. ' 
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Determimlion of. Yiiamin A with lAimelron. 


UsK OF Lumktron photo-electric colorimeter, 

Tlio iutensit)" of absorption can be measured citlier by means of ultra-violet 
spectrograph or by the use of a photo-electric spectrophotometer. The use of 
the latter instrument for the estimation of vitamin A is of recent origin, while the 
spectrograph has been used for this purpose for quite a long time. Beckman 
photo-electric quartz spectrophotometer model D.U. (Cary and Beckman, 1941) 
has been adopted as the standard instrument for vitamin A analysis. Luinetron 
photo-electric colorimeter and fluorescence meter 402 E.F., manufactured bv 
.Bhotovolt Corporation, New. York, can also be used for this purpose. The optical 
sj'^stem is represented in the following Diagram : — 



Diaorasi. — 8iiowing tlic optical system aiici clcetricnl circuit of tlic jRinictron photo-clcctrJc nttoivspeucc inetcri 
Moclci 402 B.F. 


Light from ultra-violet lamp A passes througli the optical system B, filter C 
and is split into two parts. One part of the beam jiasses through a special liquid- 
filter D and the sample holder E and strikes the measuring photo-cell E. The 
other part of the beam is deflected b}'- the mirror J and acts upon the balance 
photo-cell H which is mounted so that it can be turned through an angle of 90°. 
The measuring photo-cell and the balance photo-cell are connected in a bridge- 
circuit with a slide wire potentiometer and a galvanometer as zero-indicator. The 
I adjustment to balance the two photo-cells with solvant only in the sample 
holder is made by rotating the standard photo-cell H. Radiation of a mercup'- 
vapour lamp passes through the combined glass-filter and the liquid-filter which 
transmits only the characteristic absorption band of vitamin A. This beam 
then passes through the sample under test and strikes a barrier layer photo-cell. 
The current output of this photo-cell serves as a measure of the absorption of the 
gample and, therefore, as a measure of its vitamin A potency. 



313 


N. K. hjenrjar and H. K. Biswas. 

Tlic instrument must first be calibrated by means of a vitamin A standard. 
A sample of pure vitamin A vith a potency of 1,500,000 I.U. obtained from 
the British Drug Houses, Ltd., London was used for this purpose. The standard 
is diluted with iso-propyl alcoliol and a series of dilutions of known concentrations 
are prepared. ^ First the aljsorption cell is filled with iso-propyl alcohol, the 
slide wire dial set to 100 and the circuit is balanced by means of the balance-cell 
control. Then the other absorption cell is filled with the diluted standard and 
inserted into the instrument. The circuit is re-balanced with the slide wire and 
the slide wire dial setting is read. The ultra-violet transmission of these known 
concentrations is read on the instrument and the logarithm of readings obtained 
arc plotted against concentration. This leads to a straight calibration line which 
intersects the transmission axis at the 100 point. The concentration of unknown 
samples can then be found easily from this graph once their ultra-violet trans- 
mission has been determined by measurement on the instrument. 


Experimental, 

A quantity of O'OOSO g. of vitamin A (B. D. H.), the potency of which was 
known to be 1,500,000 I.U. per gramme, was dissolved in 15 c.c. iso-ptopyl 
alcohol. Each cubic centimetre of this solution has, therefore, a potency of 
500 I.U. Half c.c. of this solution was diluted to 25 c.c. with iso-propyl alcohol, 
so that the resulting solution has a potency of 10 units per c.c. From this stock 
solution, seven solutions of different concentrations of vitamin A were prepared 
by diluting with iso-propyl alcohol and their ultra-violet transmissions were 
determined. The results arc given in Table I and the calibration line drawn on 
the l)asis of these measurements is given in the Grtaph': — 


Table I. 


(l»n.propv\ aloolitA) WnnU 

(1) 0',"i e.r. of slojk solution in 20 c.c. 

(f) units vitamin A in 20 c.c,). 

(2) 1-0 c.c. of Rtoc); solution in 20 c.c. 
(10 units vitamin A in 20 c.c.). 

(0) IV) c.c. of stock Poliition in 20 c.c. 
(l.'i units vitamin A in 20 c.c.1. 

(1) 2-0 c.c. of slock solution in 20 c.c. 

(20 units vitamin A in 20 c.c.). 

(.■)) 2-." c.c. of sto.O: Rolmion in 20 c.c. 

(2ri units vitamin .\ in 20 c.c.). 

(0) ;t-0 c.c. of stock (Saint ion in 20 c.c. 

(.'to units vitamin in 20 c.c.). 

(7) 0'.') c.c. of Rtock Rolntion in 20 c.c. 
(0.1 nnits vitamin A in 20 c.c.). 



XraDSTOis- 

pion. 

Lop trans- 
misFion. 

Calculated 

conversion 

factor. 

iso-jiropyl alcoliol 

100 

n2'75 

2 

1 ■007.1 

1,512 

i'o.propyl alcoliol 

sn-5 

1-0170 

1 .500 

iso.propyl alcohol 

82-0 

1 -01.18 

1,711 

i.so-projivl alcohol 

•*’5 

I -88.17 

1,714 

i-o.propyl alcohol 

70 •2.-1 

l-RlGfi 

1,011 

iso.propyl alcohol 

r.7 

l-SiCil 

1.728 

iso.projiyl alcohol 

C2'2.-| 

I'lon 

I.7(l2 


.1. VR 



314 


Delerminaiion of Vitamin A iviiJi Lumelron. 


Graph. 

Calibration curve. 



The conversion factor has heen calcnlated for each concentration hy the 

application of the formnlu ^ , 

TT„jf= nf vitamin A per gramme o f the saiii plcj<_c2ij! = Conversion factor. 

2 — logT 

T = Beading indicated by Lumetron (transmission). 

Thickness of tlie ccU in cm. 

Concentration in per cent. 


P = Concentration in per cent. , r . 

• r i "1 PC’X •ndiinii nnTPPS 'Well witll the fftCtOf St 

Tlip nveraae conversion factor is 1,663 vhich_ agree 

^ t in all snectrographic determinations of vitamin A. 

present emploj ed in all p i mpthod for the determina- 

The next step was to test the apphcabi ity vitamin capsules, etc. 

tion of vitamin A in fish-liver oils in ^ ^ offVttira'lr 

Although a comhination of liquid ^ cg^ain that oils definitely 

radiations of wave g Arachis 
known not to f ™ A, showed significant 

oil and olive oil, which _ nronvl alcohol and tested in the instrumen . 

absorptions when ig^'^jj/^pplication of this method for vitamin A 

This was a serious of these oils also 

tetSr The ahsorptmns observed in various concentratio 

-S the difierent oils are given m Table II. 
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Table II. 


Percenlcige absorplion in various concentrations of oil. 



Concentration ; — 

0-1 

0-05 

0-03 

0-015 

Arachis oil < 

Direct ... 
Unsaponifiable 

15’5 

140 

8-0 

7-0 

1-5 

1-0 ■ 

Xil. 

Kit. 

Olivo oil 

Direct 

16-0 

8-5 

1-5 

Xil. 

Unsaponifiable 

15-0 

7-5 

1-0 

XU. 


Tlie absorption is progressively reduced witli decrease in concentration untd 
finally in a concentration of 0‘015 per cent in iso-propyl alcoliol, there is no absorp- 
tion at all and in a concentration of 0'03 per cent, there is negligible absorption. 
It is evident from the results in Table I that the least quantity of vitamin A 
measurable with a fair amount of accuracy by this method is 10 units in 20 c.c. of 
iso-prop 3 'l alcohol, the transmission being 86‘5 per cent. It follows, therefore, 
that oils with a vitamin A potency of more than 3, .300 I.U. per gramme can be 
submitted to this method of vitamin A determination. Oils of this potency will 
have in a concentration of O'Olo per cent in iso-propyl alcohol 49'5 I.U. of 
vitamin A in 100 c.c. or 9 '9 units in 20 c.c. which is approximatelj- the lower limit 
for accurate measurement by this method. 

In order to test the accuracy of the method as determined directl}' on oils, a 
known amount of standard vitamin A was added to a definite amount of arachis 
oil, so that the resulting preparation luid a potency of about 3,000 I.U. An aliquot 
part of this mixed oil was saponified and the unsap onifiable matter dissolved in 
a known amount of iso-propyl alcohol. The transmissions of the solutions of the 
mixed oil direct and that of its unsaponifiable matter in iso-propy] alcohol were 
determined and the results arc given in Table III : — 


Table III. 


1 

1 

[ 

Tr.ansmission. 

1 Observed potency j 
1 as obtained by 
j refcrcnco to craph. 

1 

Real 

potency. 

1 c.c. of (A) diluted to 2 c.c. in iso-propvl alcohol 

87-.70 

i 

i 

2 c.c. of (.\1 

74 -.SO 

1 20-5 


1 c.c. of (H) ... ... ... j 

87-25 

1 0-5 

i 10 

2 c.c. of (B) 

76-00 

I 10-0 

1 

1 .-^0 


. 01 .or.ncliis oil. 


O OOIfi st.niiLiril vitamin was tlioroimlily mixed with 2-102; 
jin'paration lias, thcn'fore. a ]ioU'ncy of 3.27C J.U. 

O-n.'i p. of lliis mixed oil (lOS-S I.U. of vitamin A) avas dissolved in 10-4 c.c. of iso-nronvl 
alrohol. i j.>* 

One c.c. Ilf this folnlion lias a potency of 10 I.U. ... ... 

0-1 p. of tlic mixiM oil was saponified' l.ytl.e B. T. method .and the final snlntion was made tin in 
22-, .1 C.e. of iso.propyl alcohol instead of ryclolic.vmc. -110000, 1 c.c. of this solntion contains 10 7T 

of A ... ... ... - * ,{, 

— ••• — ... 
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There is very good agreement, between the actual and the observed potency. 
Tliere is also no difference ))etween the results obtained by measurement directly 
on the oil and on the unsaponifiable matter. These results clearly demonstrate 
the utility and the accuracy of the method for the determination of vitamin A in 
oils having a potency of more than 3,000 1.U. 

The method was employed for the determination of vitamin A in oils with a 
potency of about 1,000 I.U. per gramme. The results are given in Table IV : — 


Table IV. 



Transmission. 

Observed potency 
as obtained by 
reference to graph. 

Actual potency. 

1 c.c. of (C) made up to 20 c.c. with iso-propyl 
alcohol. 

78-5 

17-0 

10 

2 c.c. of (C) 

Cl-0 

35-0 

20 

1 

1 c.c. of (D) 

70-5 

16-5 

10 

2 c.c. of (D) ... ... ... ; 

1 

62-5 

.33-0 

20 


0-003G g. of standard vitamin A was mixed with 5'4 g. of nrnchis oil and the resulting preparation 
bad a potency of 1,000 I.U. per gramme. 

O’l g. of this mixed oil was dissolved in 10 c.c. iso-prop3d nloohol and 1 c.c. of this solution con- 
tains 10 I.U. ... ... ... ... ... ... ... (C). 

O'l g. of the mixed oil was saponified and the unsaponifiable matter was dissolved in 10 c.c. iso- 
propjd alcohol and similarlj' 1 c.c. of this solution also contains 10 I.U. ... (D), 

The values obtained by experiment are considerably more than the actual 
potencies, which is presumabl}’’ due to non-specific absorption. 

Oils with a potency of 1 ,000 I.U. of vitamin A when tested by the instrument 
either directly or after saponification do not give satisfactory results. The useful- 
ness of this instrument is, therefore, limited to vitamin A preparations with 
potencies of more than 2,500 to 3,000 I.U. per gramme. 

The relationship between the Carr-Price blue value and the I.U. as deter- 
mined with the- Lumetron was investigated.’ The blue values of some samples 
of fish-liver oils, vitaminized oils, and capsules were determined by the B. P. (1932) 
method and the transmissions on the same samples after suitable dilution with 
iso-propyl alcohol were measured with the Lumetron and the corresponding 
potencies were obtained by reference to the calibration curve, The results are 
criven in Table V, 

p . . . 
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Table V. 


Uelalionsliif between blue value and potency. 



C.-P. blue 
value. 

Potency deter- 
mined by fbo 
Lumetron. 

Factors for 
conversion of 
blue value to 
I.U. 


1 

50 

3,000 

1 

CO 

Fisli-livcr oils ... - 

2 

SO 

4,500 

56 

1 

3 

50 

2, COO 

52 


[ ' 

140 

8,600 

61 

Vilaminized oils ... 

: 5 

200 

12,200 

Cl 


i. G 

35 

2,000 

o" 


[ ’ 

72 

4,000 

55 

Capsules ... 1 

8 

100 

6,000 

60 

1 

[ 0 

100 

6,000 

50 


Average factor for conversion of blue units to I.U. = 57. 


SUMJIARY AND CONCLUSIONS. 


It appears from all the foregoing data that the Lumetron with the combined 
glass and .special liquid-filler can be employed for all routine determinations of 
vitamin A in fish-liver oils, vitaminized oils, tablets and capsules having a potency 
of more than 2,500 I.U. This instrument will be particularly useful for studying 
the deterioration on storage of vitamin A in oils, tablets and capsules. Work in 
this direction is in progress. 


1. The application of Lumetron 402 E.F. with the combined glass and 
special liquid-filter for the determination of vitamin A has been investigated. 

_ 2. The relationship between logarithm of transmission and pQtency of 

vitamin A has been determined by employing vitamin A of a potenev of 
1,500,000 units per gramme supplied by British Drug Houses, Ltd., London. ' The 
calibrat ion cur\ c is a straight line iii the range of concentrations tested. 


3. Ihc non-specific absorptions of various concentrations of arachis and 
olive oils m i.so-projiyl alcohol, not containing any vitamin A, have been 
dotermmed. It i.s found that these oils in concentrations of O'OIO per cent do not 
show .any absorption, while in concent nations above 0-03 per cent there is a 
gradual increase in non-.specific absorption interfering with (he estimation of 


■1. Oihs not containing 
to obtain a concentration 


vit.amiii A have been ini.xcd v.ith standard vitamin A 
of 3,300 and 1,500 units per gramme and these 
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preparations have been tested witli the instrument both directly as well as after 
saponification. Preparations with a potency of more than 3,000 units give 
very accurate results, while for those containing 1,500 units, the values obtained 
are considerably higher than the actual potencies presumably due to the non- 
specific absorption of the oil being added into the specific absorption of vitamin A. 

6. Carr-Price blue values on fish-liver oils, vitaminized oils and capsules 
were determined and compared with the potencies as determined by the 
Lumetron. The average factor for the conversion of blue values to I.U. 
has been determined. As the results obtained show the inconsistencies of the 
blue values, the conversion factor cannot be ascertained with any degree of 
accuracy or certainty. Pigure 57, however, can be used as a rough guide for all 
practical purposes. 

6. It is concluded that the Lumetron 402 E.F., with the combined glass- 
and special liquid-filter supplied for vitamin A, can be safely employed for the 
accurate determination of Autamin A in preparations with a potency of more than 
3,000 units. This instrument will be particularly useful for the study of 
deterioration of vitamin A in oils, capsules and tablets. 

Thanks are due to Dr. IB. Mukerji, Director of the Laboratory, for his 
interest and suggestions in this study. , , 
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The low nutritive value of tlie South Indian rice diet has been the subject 
of extensive earlier investigations (Aykroyd and Krishnan, 1937, 1937a, 19376). 
It is one of the poorest diets of the world, especially when it is strictly vegetarian 
and includes little or no milk, as is the case with the poor classes. It is essentially 
a carbohydrate diet with gross deficiencies in protein, minerals and vitamins. The 
more obvious methods of supplementing such a diet to improve the nutritive value 
are precluded by either economic or religious considerations. 

‘ The high nutritive value of leafy vegetables has been described very fittingly 
by McCollum ct al. (1939), ‘ , the leaf of a plant is a complete food, whereas 
none of the storage organs of the plants, seeds, tubers, roots or fruits, enjoy this 
distinction. . . The leaf is the site of synthesis of proteins, carbohydrates and 
fats and is rich in actively functioning cells. These cells contain everything 
which is necessary for the metabolic processes.’ Having found a pleasant taste 
in a samidc of a loaf flour made from artificially dried young oat leaves, they 
continue to write, ‘ It woidd seem that thcie may' be a fut'ure in human nutrition 
for stich leaf flour.s. . . Certainly such leaf flours have vciy high nutritive values 
as respects all the essentials of an adequate diet.’ 

>rore, recently, the existence of growth-promoting factors in grass juice has 
come to be recognized (Kohler ct al. 193G, 1938 ; Manuering rt al, 1943). Valuable 
work has been done by Basu and Ghosh (1943, 1943a) in demonstrating the hiali 
nutritive value of ditrcient leafy foods. If it can be' demonstrated^hat .such 

( :b9 ) 
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cheap and abundantly aivailable materials have a high supplementary value, 
there will then be scope for a practical approach to the food problem not only in 
India, but also in other parts of the world which are similarly placed. 

Lucerne, a rich source of })roteins, minerals and vitamins, is already being 
grown quite Extensively both in this country and elsewhere. Under favourable 
conditions, an yield of GO tons or more per acre can be expected. One cutting for 
every three or four weeks is possible for a number of years. The' carotene and 
vitamin K contents of lucerne are higher than those' in' aiiy other leafy vegetables 
(Heupke and Sch oiler, 1913). Jt contains twice the amount of iron present in 
spinach and four times the vitamin C present in citrus fruit (Levy and Tox, 1935). 
It is also rich in calcium, phosphorus and vitamin E. McCollum et al. (1917) 
showed the supplementary value of lucerne to cereals. Le%’y and Fox (/oc. cit), 
Marston et al. (1943) and Heupke and Scholler (1942) have suggested the use of 
lucerne as human food. 


Experimental. 

In the present study, the supplementary value of dry lucerne (tender leaves 
dried in a current of air at 65°C. and then powdered to pass 30-mesh sieve) when 
it partly replaces rice in the diet has been investigated. The composition of the 
diet was the one adopted by the Vanaspati Research Committee of the Food 
Ministry and consists mainly of the following : — 

Polished rice 78 ‘5 per cent ; tur dhal {Cajanns wdicus) 5 -per cent ; salt (NaCl) 
0*3 per cent; non-leafy vegetables 8'2 per cent; leafy vegetables 2T per cent; 
whole-milk powder 0‘9 per cent; and crude ground-nut oil 5 per cent. The milk 
powder was not mixed vdth the diet but dissolved in water and fed separately in 
cups. 

In a preliminary series rats were divided into two groups : (?) receiving the 
above diet alone (as control) and (?’?') receiving a similar diet with the difference 
that 10 parts of rice were replaced by an equal weight of lucerne powder. The 
observations spread over a period of 8 weeks showed that the rats recemng the 
supplement of lucerne grew at more than double the rate of grovdh of the rats on 
the control diet. 

As the above results were striking, a second series was started incorporating 
tamarind and chilli as part of the basal diet. This addition was made as 
independent experimental evidence had shown that tamarind and chilli, which 
normally form a part of the South Indian diet, help in increasing the rate cf 
growth by 25 to 30 per cent over the controls when added to the original 
experimental diet (Krishna Murti, De and Subrahmanyan, 1948). ^ The improved 
diet was prepared by adding to 500 g. of the diet a syrup representing the extract 
from 5-0 g. of tamarind pulp, 2-5 g. of chilli powder and 2-5 g. of salt, by soaking 
the tamarind pulp in water, squeezing out the juice and boiling it with chilli and 
salt. 

Freshly weaned litter-mate rats were divided into two groups of six 
each : — 

(f) Control group receiving the modified rice diet and (??) experimental group 
receiving a diet similar lo (?) with the difference that 10 per cent of the rice was 
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replaced by an equivalent weight of dry lucerne. The latter was cooked scF 5 a|ely 
and mixed intimately with the diet. The Graph shows that for a permd of 
8 weeks the average weekly increase in weight for the experimental is 

about ‘11 times the gro^vth of the control ones though the extra food mta».e vas 
only 44 “per cent more. Tlie growth rate of the experimental ammals vould 
almost correspond to that of animals receiving adequate supplements of proteins, 
minerals and vitamins. 



Git.M’ii. — Sliowiiig nveraec weekly inereafc in weight of nnimals kept on lucerne diet. 


\Yi(h a view to evaluating the extent of benefit conferred by (i) fats and fat- 
Fohible vitamins and (ii) vitamins of the B group and certain related substances, 
tlic following trials »vcrc made : — 

Litter-mate rats were divided into 3 groups of G each : («) (control) modified 
rice diet with lucerne as in (ti) of the previous .series, (6) same rice diet jdus the 
equivalent of lucerne as in (a) after four succe.'sivc extractions with petroleum 
ether and (e) same rice diet /iiu.s the equivalent of lucerne after repcateil extrac- 
tions nith GO {.ercent alcohol. YVhen extracted with petroleum ether, there 
was only a .'^mall loss of weight, whereas alcohol extraction resulted in’ about 
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30 per cent loss. In s})itc of this, the average weekly increase in weight for 8 
weeks is practically the same in all the cases. 


Table I. 


Groui). 

Weekly 

GROWTH. 

Average daily 
diet intake 

Afnlo. 

; 

; Pcinale. 

(for both the 
sc.ves). 

(a) Control, i.c. rico diet -f- lucerne 10 per cent 

1 

! U 

1 

! 

10-3 

i 

10-1 

(6) Rico diet -}- lucerne ns in (n) nftcr extraction with pet- 
roleum ether. 

13-3 

! 0-1 

1 

10-2 

♦ 

(c) Rico diet -f- lucerne ns in (a) nCtcr GO per cent alcohol 
extraction. 

14-2 

1 10-4 

I 

10-1 


• 

The animals receiving lucerne (whole as well as extraeted) were under 
continuous health, observation over a period of 4 months. It was found that liver, 
kidney, spleen and lungs were quite normal. There was no haemorrhage either 
in the stomach or iiji the intestines as often observed in the case of rats receiving 
the poor rice diet (Krishna Murti and Subrahmanyan, 1949). 

The animals from the different groups were mated and the capacity for 
reproduction as also the effect on the next generation were followed. The mothers 
were given 5 c.c. of Klim (10 per cent) daily during the lactation period only. 

While all the rats on the poor South Indian diet failed to conceive even after 
mating for a period of 60 days, in the case of rats receiving lucerne extracted_ or 
unextracted, mating was successful for every rat. With rats on poor rice diet, 
resorption and death of mother during delivery have been observed by Krishna 
Murti and Subrahmanyan (Zoc. cit.). No such case occurred with rats receiving 
lucerne supplements. On an average, 7 young ones were born to each mother 
after about 25 days from the first day of mating. 

In the group receiving supplements of whole lucerne, 40 per cent of the young 
ones survived ; 4 per cent died young and the rest were eaten by the mothers. In 
the group receiving alcohol-extracted lucerne as the supplement, only 8 per cent 
of the young ones survived. 

The weight of the males steadily rose to 213 ±5-5 g. when 150' days old. 
•The weight of the mothers fell by about IG g. during the fourth week of lactation 
period. The weight of the young ones were 21 ± 1 g. on 21st day and 
29 ‘5 ± 1'6 g. on 28th day. Six males and 6 females about 40 g. by weight were 
grown for a period of 8 weeks. The average weeMy increase for males was 
■l0-6±0-3g. and 8'9±0-3g. for females. The average daily diet intake was 

■9-1 g- ■ ‘ 
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The rats of the first generation, when mated as in the previous case^ 
delivered about G young ones on an average after a period of about 27 
days. Forty per cent of the young ones survived. Their groivth observed 
for a period of 8 weeks as in the previous case was 11 ‘G g. for males and 9-8 g. 
for females. 

Adult rats of the first and second generation were dissected. Their lungs, 
liver, h-idney and spleen were quite normal. There was no haimorrhage either in 
the stomacli or in the intestines. 

The excellent growth icsponse of the experimental animals shows that at 
10 per cent level lucerne powder is an excellent supplement to poor South Indian 
diet for purposes of growth. It makes up for most of the deficiencies in the poor 
rice diet. 

The rather high percentage of mortality among young ones and the cannibal- 
ism may be due to either the inability to rear the young ones which were on an 
average seven to each mother or some defect in the composition of the diet. A 
similar observation has also been made by other workers with synthetic diets 
which were adequate in regard to proteins, minerals and vitamins. 

' Though the rats of the first generation grew at a slightl}’’ lower rate than their 
parents, their enjmeity for reproduction and pcrccntage-sur\'ival -of- young-ones 
was the same. The rate of growth of the rats of the second generation was 
slightly superior to that of their parents. 

In order to evaluate the supplementary values of different fractions of 
lucerne, fresh tender leaves were thoroughly crushed and subiected to the followinjx 
treatment : — 


Tresh crushed lucerne leaves squeezed through cloth. 




1 

1 Residue 

I 

I 


III Residue and co.agulum 


•5- — Co.agulum 


II Juice 


Heated to boiling and squeezed 


Water-solubles 


Fraefion 111 was formed by combining equal parts of I and II. All the frac- 
tions were dried and jjowdered. For every ICO g. of wliole drv leaf, 45 g. of I 55* rj 
of II and 71 g. of in were obtained. As' fraction II was hy^oscopic, rice powder 
was aduoil to make up each fraction to IGOg. 


hre.dily weaned litter-niate rats were divided into 4 groups of 6 each The 
control group was given Hie previous modified diet with the further alteration 
that the amount of tamannd and chilli added was doubled. For the other flireo 
groups, 10 per cent of the rice of this diet was replaced by equivalent quantiti^ S 
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the three powders separately. The powders were added after cooking in water- 
bath. Table II shows the growth response over a period of 6 weeks : — 


Table II. 

Group- 

Weekly growth 
' in g. j 

{ 

Daily diet in- 
take in g. 

Control, i.e. j'icc diet 

.... 5 

i 7-1 

Rico diet -j- I 

9 1 

1 9-1 

Rico diet + II 

9-9 i 

8-7 

Rice diet 4- III 

9-3 

8-8 


While each fraction shows good supplementary value, none approaches that 
of whole lucerne. Tliis would show that the growth-promoting supplements 
are nearly equally distributed between the residue and the juice. The heat 
coagulum of the juice does not add to the value of the rice diet already supplemented 
with the residue. 

For the maintenance of stock rats, a large amount of casein which is quite 
costly is consumed. In order to find out whether desiccated lucerne can replace 
casein wholly or partly, 54 male and 81 female stock rats were divided at random 
into 3 groups and mated, 2 males and 3 females in each cage. The stock diet of 
the following composition was used : — 

Wheat flour 39 per cent ; bajra or jowar 39 per cent ; casein 7 per cent; 
whole-milk powder 10 per cent; yeast 3 ’9 per cent; NaCl 0‘5 per cent; 
CaCOa 0'5 per cent ; iron citrate OT per cent. 

In the first group, the rats received the stock diet which contained the entire 
quantity of casein. In the second group, half the casein of the stock diet was 
replaced by an equal weight of lucerne. In the third group, the casein was 
completely replaced by the same weight of lucerne. The results are shown 
in Table III:— 


Table III. 



1 

j 

j IMales. 

Females. 

Birth 
weight 
of young 
ones 
in g. 

Weight of 
j’Oung ones 
on 28th day 
in g. 

Group. 


Initial 

weight 

ing. 

Increase in 
weight after 
a month 
in g, 

1 

AVcight 
after 
delivery 
in g. 

Decrease in 
weight after 
28 days of 
lactation 
in g. 

Casein only 
Casein half -f- 
half. 

Lucerne only 

lucerne 

220 

218 

221 

12 

12 

11 

168 

170 

167 

3+1 

4+1 

5 

1 

■ 5-6 

6-6 

6-6 

41 +0-23 
40-2+0-21 

38-8±0'30 
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There was no significant difference between the corresponding weights 'of the 
males, females and young ones in the three groups. In regard to hair and skin, 
the lucerne group showed slightl}’' more roughness than that of the other two. The 
group receiving 50 per cent each of casein and. lucerne was almost identical with 
that of the casein group. These observations would suggest that at least half 
the casein now used in stock diets can be replaced by lucerne. 

Summary. 

1. Lucerne powder fed at 10 per cent level makes an excellent supplement 
to the poor South Indian diet when fed to experimental animals. The extent of 
supplementation would nearly correspond to that obtained by providing a 
complement of jmast, casein, minerals, vitamins and milk. The animals on the 
supplemented diet reproduce normally and rear about 40 per cent of the young 
ones. 

2. The beneficial effect of lucerne is not exclusiveh’^ due to the fats, fat-soluble 
vitamins, vitamins of the B group or other alcohol-soluble matter present in the 
lucerne. 

3. The growth-promoting principles are equally distributed between the 
pressed juice from lucerne and the residue. 

4. The heat coagulum of the juice does not effeetively add to the value of 
the rice diet already supplemented with the residue obtained after pressing 
the juice. 

6. In the usual stock diet as fed to rats, half the casein can be replaced by 
lucerne with equally good results. 

Thanks are due to the Lady Tata jMemorial Trust for awarding a scholarship 
to one of the authors (B. K. S.). 
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STUDIES IN PROTEIN METABOLISM. 
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^Introbbctton. 

Tiik low level of nitrogen excretion in urine by Intlian adults lias been 
reported by several workers (Wilson and Muklicrjec, 1035 ; Ray and Ganguley, 
1038 ; Basil and Basak, 1030; Sokliey and Malandkar, 1030; Gokhale, 1011 ; 
Niyogi. Patwardhan and Sirsat, 1041) but lias been commented upon only by a 
few. The reported figures vary from less tlian 4 g. to 0'84 g. of N per 24 hours. 
Two suggestions have been put forward ’ly some of the above authors to explain 
llic.se findings, one is that tlic Indians live habitually on low protein intake and 
the second that since much of the protein in the Indian dietaries is derived from 
vegetable sources where it is enclosed in the vegetable cell wall, it is not efficiently 
absorbed from the intestine, thus leaving the body a smaller amount to metabolize. 
Very little attempt has. however, been m.ade to provide suflicient proofs in 
supiiort of these explanations. It will, therefore, be worth while to consider both 
points .at some length. 

Level of protein info/.v.— Boklicy and Malandkar (foe. cit.). Rav and Ganmiley 
(hr. rit.) and Gokhale (he. cit.) were of the opinion that the low urinary N in IiMia'n 
subjects was due to the low level of protein intake. The avaikablc evidence 
obtained from family diet surveys shows, however, that the total protein intake 

• I-tiil'frfiilff of Trafanrntr nfsffirch SrloJnr^ 

I Itf^farrh FchofaTjt, 

( :i27 ) 
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per man value is not low (Wilson and Mitra, ]938; Ahmad and Gore, 1938; 
Shourie, 1939 ; Singh, 1939 ; Niy6gi and Siikhatanhar, 1939), Further, it is to be 
noted that "Wilson and Mukherjee {toe. cit.) found urinary nitrogen values of 5 ‘70 g,, 
6-19 g. and 8-84^ g. per 24 hours on a N intake of 8-44 g., 10-77 g. and 13-25 g! 
respectively. Basu and Basak (loc. cit.) also have found 3-435g. and 6-618 g. 
of m-ine N on intakes of 8-785 g. and 10-876 g. respectively. It does not seem 
correct, therefore, to assume that the low urinary nitrogen in Indians would he 
due to low protein intake. It is also worth while pointing out at this stage 
that the observations referred to in- tlie first paragraph have been mostly 
made on individuals belonging to the middle classes and it is in these classes that 
deficiency of protein in diet hardly exists and, tberefore, in considering the causes 
of low urinary nitrogen the question of deficiency of protein should not arise. It 
is admitted, however, that in the dietaries of labourers or other individuals 
belonging to the lowest income groui)s, a deficiency of protein might occur 
(Aykroyd and Krishnan, 1937 ; ICrishnan, 1939 ; Earaalingaswami and Patwar- 
dhan, 1949). 

Availability of vegetable -protein . — It has already been said that a major 
portion of protein in typical Indian dietaries is derived from vegetable sources, 
chiefly from cereals and pulses. This statement can be substantiated by reference 
to papers on diet surveys mentioned above. To help the discussion which follows, 
the biological value of some of these proteins and their digestibility coefficients 
in rats as reported by different workers are given in Table I together with 
the comparative figures for some animal proteins : — 

Table I, 


Biological value and digestibility of proteins. 


Source, 

Biological j 
value.* 1 

i 

Digestibility 
* coefficient. 

References. 

Rice 

(Percent). ' 

80-3 (5) 

93-C 

Acharya, Niyogi and Pata-ar- 
dhan (1942). 

Mitchell and Hamilton (1929). 

Wheat 

67 (8 to 10) 

91 

Jo\ra,r (Sorghum viilgare) 

83 (5) 

91 

Swarainathan (1937). 

Bajra (PennisSlum typhoideum) 

83 (,‘i) 

89 

Swaminathan (1937). 

Bengal gram (Cicer aridinum) 

76-3 (6) 

88-7 

Acharya, Hij’ogi and Patwnr- 
dhan (1942). 

Swaminathan (1937). 

Hcd gram (Cajanas {ndicus} 

72 (10) 

75 

Grouud-mit (A}-ach7S hijpogea) 

57 (10) 

90 

Swaminathan (1937). 

Milk (cow) ... 

76-5 (10) 

88 

Mitra and Mittra (1945). 

Eggs 

94 (8 to 10) I. 

100 

Mitchell and Hamilton (1929). 

Meat (goat) 

60-4 (10) 1 

95-2 

Mitra and Mittra (1945). 

* Figures in brackets refer to the level of protein fed. 


It will be clear from Table I that with the exception of red gram, the 
digestibility of proteins from the above cereals and pulses does not_ compare 
unfavourably with that of milk and meat proteins. Although it is admitted that 
the above results have been obtained on rats, its applicability to human- beings 
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will not be seriously questioned. It liecoines difficult to understand, therefore, 
how defective digestion and absorption from the intestine, as suggested by some 
workers, can account for the low urinary N observed in Indian adults. Further, 
it must be mentioned that the proponents of the above view did not determine 
the fiecal excretion of nitrogen ; while some others who did, did not realize the 
signifieance of these determinations. 

Thus, the low urinary N in Indian adults still remained unexplained. It 
was, therefore, considered necessary to examine the problem in greater detail. 
Patwardhan, Sreenivasan and Karambelkar (1948) obsen'ed in three normal 
adult subjects that at a constant level of protein intake, the type of protein in 
the diet influenced the level of urinar}' excretion of nitrogen. On diets based 
mainly on cereals with some pulse included, there was a constant retention of 
2-13 g. nitrogen per day. When the protein in such diets was replaced by animal 
protein (from meat, milk or eggs) to the extent of 50 per cent, the urinary nitrogen 
increased, whereas the faecal nitrogen remained practically unchanged with the 
result that the daily retention of nitrogen decreased to 0'73g. 

The experiments reported in the present communication were undertaken 
to confirm these findings b}' further observations on a fresh batch of subjects 
under different environmental conditions and to examine some of the factors 
involved in this peculiar phenomenon. 


Experijiextal. 

Four adult subjects were selected for these experiments. They were first 
clinically examined and found free from any disease. In the recent past also 
they had not suffered from any debilitating disease. The subjects had been 
maintaining a constant ^\•cight over a few months before they came under 
observation. The daily diet of each one of them was assessed b}’ a sur\’ey 
lasting over a week and their urinary nitrogen during this period determined. 
They were tlien put on diets in essence similar to their daily diets. The 
quantities of raw food issued were, however, weighed before cooking which in the 
case of subjects K. JT. and S. was done in the laboratory kitchen. All the food 
cooked during the day was consumed under supervision. The remaining two 
subjects were from among the authors of this paper, and as they realized 
the implications of the cxjicriment to the full, they took great care in tho issue 
of nations, cooking and consumption of the food. A preliminary period of 7 to 
10 days was allowed during which the .subject adjusted himself to the new 
conditions. The collection of urine and ftcccs was made after the preliminarj’ 
5 )eriod. A check on the creatinine content of urine was kept throughout to 
ensure the proper collection of urine .samples. The procedure was as follows ; 

Urine and faeces were collected on two .successive days, a gap of one dav was 
then allowed followed by a second collection for another two days. If the' urine 
nitrogen sho^ycd close apjwoximation over these two periods, the subject was taken 
to ha\e attained tho stable state of excretion on the respective diet. Otherwise 
collections were repeated till this criterion was .satisfied. Wien this was acliieved’ 
jirotem rejuacemont was begun. In two subjects this was done in two staf^es in 
others in a single step, so that fifty per cent or more of the dietary protein 
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of vegetable origin was replaced by substitution with meat, milk or eggs either 
singly or in mixture. After another stabilization period, mine and faeces collec- 
tion was begun till steady state was reached. At the end of the animal-protem 
period, the subjects were put back on their predominantly vegetarian (basal) diet 
and the observations repeated. 

All non-perishable articles were analysed and issues were made from the same 
stock, hlilk was re-constituted from a stock source of whole-milk powder (for 
subjects K. M. and S. only) which had been previously analysed. The analyses 
of vegetables, eggs and meat and fresh whole milk (used for subjects B. V. E. S. 
and P, G. T.) were carried out frequently and the averages used for calculation 
of N intake. The protein values for meat varied depending upon the amount 
of fat accompanying it. Determinations made during the week were, therefore, 
used for estimating the correct intake during the corresponding period. *' 

The composition of the diets consumed by the subjects is given in Tables'll 
to V and the data on the intake and excretion of nitrogen are illustrated 
in Graphs 1 to 4. 


Table II. 

Subject K. M. : Composition of the diet. 


Article, 

Diet I : 
basal, 

<T 

o» 

Diet II : 26 per 
cent replacement 
with animal 
protein, 

p. 

Diet III: 60 per 
cent replacement 
with animal 
protein, 

g- 

Bice 

025 

582 

302 . 

Bed gram ... 

86 


... 

Cabbage 

113 

lis 

113 

Potato 

113 

113 

113 

Whole-milk powder 

14 

14 

14 

Curry powder 

28 

28 

28 

Mustard 

10 

10 

10 

Jeora (cumin) 

10 

10 

10 

Onion 

40 

40 

40 

Tea 

20 

20 

20 

Meat 

• • • 

91 

182 

Sugar 

66 

56 

142 

Gingelly oil 

56 

56 

66 

Sago 



200 


Particulars ; — 

Calories 

Carbohydrates, g. 

Fats, g. 

Protein, total g. 

Protein, total, as nitrogen, g. 
Protein, animal, as nitrogen, g. 


1 

1,626 

3,271 

3,516 

650 

667 

605 

69-6 1 

80 

91-4 

79-2 

76-4 

76-7 

12-67 

12-23 

12-2-7 

0-698 

3-67 

6-74 
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Table in. 

Subject S. : Composition of diet. 


Articled 

Diet I : 
basal, 

g- 

. 

Diet n : 25 per 
cent replacement 
with animal 
protein, 

g- 

Diet III : 50 per 
cent replacement 
with animal 
protein, 

g- 

Rico 

025 

025 

340 

Red gram ... 

85 

... 

... 

Potato 

113 

113 

113 

Cabbage 

113 

113 

113 

Onion 

40 

40 

40 

Whole-milk powder 

14 

18 

18 

Jcora (cumin) 

2-6 

2-5 

2-6 

Miwlard 

2-5 

2-5 

2-6 

Tea 

20 

20 

20 

Curry powder 

28 

28 

28 

Meat 

... 

105 

200 

Sugar 

50 

80 

100 

Gingclly oil 

... 1 50 

50 

SO 

Sago 

1 

... 1 


200 

Particulars : — 

! 

i 

1 

1 



Calorics 

... ; 3,450 

3,493 

3,464 

Carbohydrates, g. 

... 1 044 

021 

590 

Pats, g. 

... 1 05*5 

70-1 

91-0 

Protein, total g. 

70-3 

78-4 

81-8 

Protein, tot.al, ns nitrogen, g. 

... 12-20 

12-54 

13-OS 

Protein, animal, ns nitrogen, g. 

0-50S 

3-OS 

7-61 
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Table IV. 


Subject B. Y. R. S. : Co)npositio7i of diet. 


Article. 

Diet I : 
basal, 

g- 

Diet II ; 50 per 
cent roplncDinont 
with animal 
protein, 

g- 

Diet III : basal 
-h inereased 
calories, 
g- 

Diet IV : diet II 
+ increased 
calories, 

g- 

Rico ... 

405 

247 

405 

247 

Red gram 

37 


37 

... 

Black gram 

35 


35 

5 . 

Potato 

115 

GO 

115 

60 

Amaranth 

85 

85 

85 

85 

Onion 

05 

100 

05 

100 

Sambar pon’dor ... 

0 

■ 0 

6 

•6 

Chillies 

5 

5 

5 

6 

Tamarind 

13 

13 

13 

13 

Milk (fresh, whole) 

300 

690 

300 

690 

Ghee ... 

40 

40 

45 

45 

Sugar 

15 

40 

80 

105 

Eggs ... 


100 


100 

Sago ... 

... 

50 

56 

106 

Particulars : — 

Calories 

■ 2,514 

2,398 

3,019 

2,903 

Carbohydrates, g. 

443 

358 

557 

472 

Fats, g. 

54-4 

80-2 

69-5 

85-3 

Protein, total g. ... 

63*1 

61-7 

63-2 

61-8 

Protein, total, as nitrogen, g. 

10-09 

9'87 

10-11 

9-89 

Protein, animal, as nitrogen, g. 

1-68 

5-61 

1-58 

6-61 
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Table V. 


Subject P. G. T. : Composition of diet. 


Article. 

Diet I : 
basal, 

g- 

Diet n : 60 per 
cent replacement 
with animal 
protein, 

g- 

Diet m : basal 
+ increased 
calories, 

e- 

Diet IV : diet II 
-f increasod 
calories, 

g- 

nice ... 

112 

112 

112 

112 

t 

Wheat 

196 

84 • 

196 

84 

Red gram 

70 

... 

70 

... 

Potato 

112 

112 

112 

112 ;; 

Onion 

28 

28 

28 

28 • 

Curry powder 

2 

2 

2 

' 2 

Banana 

GO 

60 

60 

60 

Jlilk (fresh, whole) 

300 

300 

300 

300 

Tea ... 

12 

12- 

12 

1 

12 

Sugar 

40 

62 

96 

118 

Ghee 

28 

28 

33 

33 

Moat 

... 

130 

... 

130 

Sago ... 

... 

66 

66 

112 

Particulars : — 


1 



Calorics 

2,142 

1 2,064 

2,611 

2,633 

Carhohyd rates, g. 

375 

j 326 ■ 

480 

430 

Fats, g. 

40-0 

1 58-3 

t 

49-1 

V 63-4 

Protein, total g. ... 

01-4 

, 60-1 

• •} 

; 'Cl *5 

60-2 

Protein, total, ns nitrogen, g. 

9-83 

; 9-62 

' 0-84 

9-6.4 

Protein, animal, ns nitrogen, g. 

1-5S 

: 6-03 

il-56 

6-03 


Discossiox. 


Grftplis 1 to 4 show the trends of urinary and focal excretion of N and the 
balances for respective periods. The folto\ying characteristics common to all 
the four subjects under observation are worth noting 

1. The urinary X was low on diets in which most of the protein was derived 
from vegetable sources. However, when this was partially substituted by protein 
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Gi;ai'U 1 — Nitrogen balances in subject B. Y, K. S. 
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from meat, millc or eggs -vvitliout changing the level of intake, the urine N 
increased appreciably. 

^ 2. Under these conditions the fa3cal N output varied only within very narrow 
limits. The variations observed were far less than those necessary to account 
for the extra N in urine excreted during the animal-protein periods. 

3. There was appreciable N retention in all the four subjects when they were 
on predominantly vegetarian diets. On partial replacement with animal protein, 
N retention show'ed a decrease, only to return to its original level after the 
subjects were put back on the basal diets which resembled in all cases their normal 
diet. These effects were the result of changes mainly in the urinary N excretion. 


Nitrogen balances in individual subjects. 

Subject K. ilf. — Tho cniorio nnd total N intakes on the basal diet were 3,526 and 12'67 g. 
respectively. 'When 35 per cent roplacoraont by animal protein was made, there was a fall in calorie 
intake of 255 calorios and an increase of 10'4g. in fat. During the next higher animal-protein 
intake (50 per cent) period, tho calorios wore made np to the original level by the inclusion of extra 
sugar and sago in tho diet but tlio fat intake showed a still further increase to 91 *4 g. The question 
would arise whether tho observed changes in urine IIT were due to alterations in tho fat and calorie 
intake. It must bo pointed out that although there was no difference in calorie intake between the 
basal diet and diet III, the corresponding urine N values per 24 hours were 5 ’49 g. and 8-34 g. 
respectively. 

Subject S . — The calorie intake in this subject during all tho three periods was kept 
approximately between 3,450 and 3,500 ; tho fat intake, however, showed tho same degree of 
variation as in the case of K. M. An increase of nearly 4 g. in urine N per 24 hours was observed 
in this subject on 50 per cent moat-protein replacement, causing a reduction in H balance 
from 5'40g. to l'S4g. per day. 

Subject P. O, T . — ^This subject differed from tho first two in two important respects. His 
calorie intake was only 2,142 and N intake 9‘S3 g. per day. Further, a larger proportion of basal 
dietary N was derived from animal (milk) protein. Even at this low calorie and N intake, 
P. G. T. was retaining 1‘91 g. N per day. When animal protein formed 62 per cent of the 
total protein during diet II period, his urine N increased by l‘85g., the fascal N decreased 
only slightly and the N retention cftme down to 0’26 g. On return to the basal diet, the 
original values for urine N and N retention were observed. In this particular subject the fat 
intake did not increase during the changes from one diet to another to the same extent as in other 
subjects for care was taken to free the mcjit of fatty tissue as far as possible. Tho observa- 
tions, therefore, would suggest that a moderate increase or decrease in fat content such as was 
observed with subjects K. M. nnd S. was not responsible for the differences in urinan;' N 
excretion observed in them. Bricker, Mitchell and Kinsman (1945) report that variation of calories 
derived from fat ranging between 28 and 42 per cent ‘ did not appear to contribute to the variability 
of the data secured ’. 

Subject B. V. It. S . — ^The calorie intake on basal diet was about 2,500 but the N intake was 
approximately the same as that of P. G, T. Since this subject had conscientious objections to eating 
meat, the animal-protein replacetaent was achieved by an increase in milk and inclusion of eggs in 
the diet. The variation in fat intake was, therefore, similar to that observed with subjects ^. M. 
and S. The general pattern of changes in N excretion was, horvever, similar to that observed in the 
other three subjects. 

Feecal nitrogen and digestibility of dietary protein. 

It lias been mentioned earlier that one of the reasons for low urine N 
excretion in Indians which has been advanced by some observers was that the 
proteins from the predominantly vegetarian diet were not properly digested and 
absorbed, and hence an appreciable proportion of ingested protein was lost to the 
body. This contention is hardly borne out by facts. In the present series, the 
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daily fsecal N oljserved when the steady state was reached varied in the four 
subjects as given in Table VI : — 

Table VI. 


Intake and excretion of nitrogen. 


JIAXUrroi AND JETNUITOI VALUES OX AUL DIETS. 


Subject. 

Ista-Ke N, 

g- 

F.ECAI. N, 

g- 

^ Ubixe X, 

g- 

s 

9 

s ! 

c3 

0 

c 

i 

E 

6 

Cd 

c 

B 

9 

E 

0 

» 0 


C 

'Vi 

1 

S 1 

*c j 

0 

(H , 

0 

(9 

a 

ei 

1 

i ‘5 

0 

1 S 

1 ^ 


0 

In 

0 

te 




5 


1 ^ 

Q ' 

I ^ ' 

^ 1 

\ 


K.M. 

12-G7 

, 12-23 1 

0-44 

2-92 

2-12 

1 ■ 

0-80 

j 8-34 ’ 

4-40 

j 3-94 

S. 

13-08 

i 12*20 

f 

0-88 

3-09 

2-35 

0-74 

8-43 

4 - 4.5 

! 3-98 

P.G.T. 

9-83 

j 9-02 

0-21 

1-50 

0-90 

0-00 

8-40 

4-97 

3-49 

B. V. U. S. ... 

10-09 

1 9-87 

0-22 

1-90 

1-40 

0-50 

0-87 

4-86 

2-01 


iV.D.— The raaxiinura and minimum values quoted in Table VI wore those observed ivhen 
‘ steady state ’ was reached on each diet. Earlier fluctuations have not been taken into account. 


The variation of ftocal N within the range given in Table VI was observed 
in all the four subjects without any relation to the type of diet, e.g., in some 
instances, the fascal N increased slightly after the subject was changed over from 
the basal diet to the animal-protein diet, whereas in others, the reverse has been 
the case. As Graphs 1 to 4 will show, this variation had little relation -adth the 
level of urinary N, for while the maximum difference in an}" frivo fecal AT values 
of the same subjects (at steady state) was 0-80 g., the maximum difference in the 
urinary N excretion was of the order of 3’98g. 


There is no doubt that part of the fecal N must have been endof^enous It 
IS difficult to say what proportion of it in the four subjects could be thus 
considered since no determination of N e.xcreted on protein-free diets has been 
made in the present series. However, there are available a few obser^•ations 
made by other workers on_ Indian subjects. Patwardhan, Sreenivasan and 
Karambelkar (foe. cif.) found m three subjects an average of 0-9547 2 N ner dav 
and Basil and Basak (1939) have reported an average of l-0395g. H for^two of 
their subjects. Both these values, although obtained in vddely separated parts 
of India, show closo approximation. Thus, it can reasonably bo assumed that 
approxiinately 1 g K in the fieces can be of endogenous origfe If this feum is 
subtract od from the values of fecal nitrogen obserr-ed in different subje'etrof 
the present series, one finds that the digestibility of protein (given in Table 
shows vciy little difference be wwn the basal diet and the am'ma I -proton diet 
periods, fho digestibility calculated for different subjects showed sUgfely 
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difierent values, but for each subject, tbe values -were concordant. Thus, from 
these results it cannot bo said that the digestibility of protein -was significantly 
higher when animal protein in the diet formed to the extent of 50 per cent or more 
of the total jjroteins. 


Table VII. 


Digeslihilily of dietary prolew : Four subjects. 


Subject and diet. 

F.-ecal N, 
g./24 hours. 

Endogenous 
fmcal N, 
g./24 hours. 

N intake, 
g.j 24 hours. 

Digestibility, 
per cent. 

K. M.,; 





1. Basal 

2-57 

1-00 

12-67 

87-6 

2. 26 per cent meat protein 

2-92 

• •• 

12-23 

84-3 

3. 50 per cent meat protein 

2-39 

• 4« 

12-27 

88-6 

4. Basal 

2-88 

• 4 « 

12-67 

85-1 

6. 60 per cent meat protein 

2*12 

... 

12-27 

90-8 

6. Basal 

2*27 

... 

12-67 

89-9 

S. : 

1. Basal 

2-35 

1-00 

12-20 

88-9 

2. 25 per cent meat protein 

2-70 


12-54 

86-4 

3. 50 per cent meat protein 

2-82 

• 4. 

13-08 

86-0 . 

4. Basal 

3-09 

• **4 

12-20 

82-8 

P. G. T. : 

1. Basal 

1-31 

1-00 

9-83 

96-8 

2. 50 per cent moat protein 

0-90 

• 4. 

• 9-62 

100-0 • 

3. Basal 

1-45 

• 4 4 

9-83 

95-4 

4. Basal + 500 cal. from onrbo- 

1-66 

4 4 4 

9-83 

94-3 

hydrates. 





5. 50 per cent meat protein + 500 

1-17 

444 

9-62 

98-2 

cal. from carbohydrates. 





B. V. R. S. : 

1. Basal 

1-69 

1-00 

10-09 

94-1 

2. 50 per cent egg and milk 

1-90 

44« 

9-87 

90-8 

protein. 




96-0 

3. Basal 

1-40 

4.4 

10-09 

4. Basal + 500 cal. from carbo- 

1-96 

4.4 

10-09 

90-4 

hydrates. 




94-0 

6. 50 per cent egg and milk 

1-59 

4. 4 

9-87 

protein + 600 cal. from 
carbohydrates. 






The above observations should, therefore, make it clear that the low urinary 
N in Indians is not necessarily the result of deficient digestion and absorption of 
protein from the gastro-intestinal tract. It must also have been clear from 
Graphs 1. to 4 that the low mrinary N observed in these subjects has not been due 
to a low protein intake. The type of dietary protein mixture seems to determine 
the amount of nitrogen appearing in urine which in turn' influences the nitrogen 
balances. 
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IMurlin, Nasset and Marsh (1938) found in adult human beings that at the 
minimum level of intake of egg protein required to rnaintain the body in N 
balance, the substitution of egg protein by wheat protein caused greater loss of 
N through urine. This observation has been used by these authors to calculate 
'the egg-replacement value of several proteins. Hegsted, Tsongas, Abbott and 
Stare (1946) also found that on an all-vegetable diet with an intake of 4T1 g. 
N per day, the urine hJ" was 4-29 g. per day, whereas on diets in which meat 
supplied 33 per cent of nitrogen with an intake of 4‘03 g. per day, the urine N was 
3'87 g. per day. It will be seen that both the obsenmtions quoted above suggest 
a greater N loss on predominantly vegetarian diets, the differences in N excretion 
on vegetable- and animal-protein diets being in the vicinity of 1 g. N per day or 
less. Considering that the level of total N intake in the above experiments was 
such that it pist sufficed to maintain the body in N balance, no greater variations 
can be expected. The greater magnitude of variations observed in the present 
investigation may have been due to a very much higher level of N intake. It does 
not, however, explain the contradiction between the present observations and 
those reported by the above two sets of authors. The latter have observed a 
greater loss of N through urine on wholly or predominantly vegetarian diets than 
when eggs or meat formed the dietary N either wholly or partially. In the present 
investigation, greater loss of N through urine has been observed in diets in which 
dietary protein of vegetable origin was partially replaced by that of animal 
origin. Whether the level of protein intake .at which the respective observations 
were made is responsible for this discrepancy is difficult to decide at the present 
moment. 


In view of the above, one is led to the conclusion that on predominantly 
vegetarian diets at levels removed from the minimum requirements and not 
complicated by a low calorie intake, there is appreciable retention of nitrogen. 
The question then naturally arises whether this N retention is re<al or apparent. 
It may be argued that before the subjects came under observation, they juust 
have been living on diets with a neg.ativc N balance and that when they were put 
on the ample experimental diets, positive N balances were to be expected. 
This argument docs not .appear to be valid. It has already been mentioned that 
the basal experimental diet was constructed after obtaining by a diet survey an 
idea of the actual diets consumed by the subjects, and that the experimental basal 
diet represented as far as possible the normal diet of the subjects. Therefore it 
is hardly likely that the subjects were suddenly put on an adequate diet. 
Secondly, the shifting of the N btilance from high to low and back again to liiMi 
value with the alteration in the type of dietary protein is an observation which'it 



to the original level. This obsera-.ation has been repeated twice with K M and 
once with S. Tlic subjects P. G. T. and B. V. K. S. showed similar 'tmnds 


althonuh on a smaller se.alc. 


It is conecivable that other channels of N loss (e.g. sensible and insensible 
])ers])iration. desquamation of cornified epithelial .surf.aces, sebaceous secretions 
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growth of keratinous tissue, and secretions of mucous membranes not thrown in 
the gastro-intestinal tract, etc.) have not. been taken into account but they are 
hardlj’^ lor different dietary protein combinations 'although 

the_ possibility of its being so should not be altogether ignored. Further, the 
subjects were allowed to reach equilibrium with their diets before collections 
of urine and fasces were made, this period varying with each subject as can be seen 
by a reference to the figures (see Graphs 1 to 4). Thus, there appears sufficient 
reason to conclude that the observed retentions must be real. In the’ first 
two subjects (K. M. and S.) the high calorific value of the diet may have been 
partly responsible for the higher N retention observed with them than in the other 
two subjects. This aspect is discussed in detail further on in this paper. 

• The obsers'’ations described above raise some very important problems. 
Firstly; what happens to the nitrogen that is apparently retained in the body ? 
Secondly, how can tlie concept underlying the technique of biological value of 
protein by balance-sheet method be explained in the light of these findings? 
Thirdly, what are the factors that influence the variation in urine N excretion 
when different proteins are fed at constant level much above minimum require- 
ments ? 

Retention of nitrogen. 

The possibility of having overlooked other channels of nitrogen loss from the 
body has been mentioned earlier. In this category, the only source of appreciable 
loss would be perspiration which according to Bricker, Mitchell and Kinsman 
(foe. cit.) could account for approximately 4 g. N per day under excessive sweating. 
In the present experiment, however, this channel of loss need not be a serious 
consideration. Coonoor is at an altitude of 6,000 feet above sea-level, the climate 
is usually cool when not cold and unless one indulges (which the subjects did not 
during the experimental period) in really strenuous exercise, sweating does not 
occur. Bricker, Mitchell and Kinsman (foe. cit.) refer to the unpublished work 
of Mitchell and Hamilton in which the latter found in four adult men a K loss 
through skin under non -sweating conditions of the order of 0‘4 g. per day. It 
is, therefore, clear that the amount of N lost through insensible perspiration would 
be a small fraction of the total N unaccounted for in subjects K. M. and S. 

The subjects under investigation were normal young adults whose ages varied 
from 24 to 30 years and who had almost stationary weights over prolonged periods. 
During the three months that the subjects K. M. and S. were under observation, 
each of them increased in weight by 2 Ib. The weight of P. G. T. remained 
stationary throughout, although B. V. R. S. showed an increase of 2-5 lb. An 
attempt is made below to show with particular reference to subject K. M. that 
the observed weight increase would not account for the nitrogen retained. He 
was retaining nitrogen at different levels throughout the e 5 q)erimental period. If 
one assumes (that assumption may not be strictly valid) that between the -steady 
'states of two consecutive periods, the retention of N was an average of the 
retention observed in both of them, one can arrive at an approximate figup for 
N retention for the whole experimental period. Using this basis for calculation 
approximately 281 g. of N should have been retained by K. M. during the three 
months that he was on the ex^periment. If all of tliis was converted into proteins 
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and existed as such there should be 1,754 g. additional proteins in the body. If 
the whole of this protein were to be incorporated as component of soft tissue with 
an average of 7o per cent water content for the latter, the increase in soft tissue 
should amount to 15-5 lb., whereas the actual increase in body-weight of the 
subject has been 21b. only. The above hypothetical calculations are given to 
show that the obsen’^ed retention of nitrogen cannot be explained^ by assuming 
its conversion to body protein. Some of it would be incorporated in the growth 
of keratinous tissue but a major portion might remain in a mobile form, probably 
that of amino-acids. It is difficult to imagine that even in this mobile form there 
could be continuous retention for prolonged periods. It must be assumed, there- 
fore, that in ordinary life diets do not follow a rigid pattern and occasionally they 
may be such as to result in low N balances. It has not been possible to make 
provision for such contingency in the experiments in the form in which they were 
conducted. However, it might be mentioned that even in experiments over 
much longer periods, continued N retention has been observed although on 
a lower level. Giindley (1912, quoted by Bricker et al, he. cit.) found that in 
23 young adults observed over 220 days with an average intake of 80 g. to 85 g. 
protein, the daily nitrogen balance averaged at 1-38 g. 


Calorie intahe, type of protein and nitrogen retention. 


In two subjects P. G. T. and B. V. R. S. the observations were extended to 
study the effect of increased calorie intake of nitrogen retentions on their basal 
diets and after animal protein replacements (diets III and IV in Tables IV and V). 
The results are illustrated in Graphs 3 and 4. Diet III in these cases was 
essentially diet I to which 5 g. of fat and the required quantities of sugar and sago 
were added to give additional 500 calories approximately. The protein level was 
kc])! the same as that obtaining in diets I and li. A comparison of the 
relevant columns in Graphs 3 and 4 reveals that : (a) on predominantly vegetarian 
diet but with increased calorie intake, the urine H showed a decrease of over 1 g, 
])cr day as compared with the diet I performance, whereas the faecal N remained 
constant in one subject (P, G. T.) but showed an increase of 0'5G g. in another 
(B. V. K. S.), and (b) when animal protein was introduced in the high-calorie diet, 
the urine nitrogen again increased, although the increase was less than that observed 
at the lower calorie level (diet II). The inference which can be derived from these 
observations is that at higher calorie intake, protein balances were larger than 
at. lower levels although here again the amount of urine H excreted in b5;h cases 
depended upon the typo of protein fed. Thus, the higher N balances in subjects 
K. I\r. and S. may have been due probably to their higher calorie intake which was 
in the neighbourhood of 3,500, the major proportion of calories being derived from 
carbohydrate, an obson-ation which receives support from the findinfrs nf 
Cuthbertson and Munro (1937). “ 


The question of the validity of determination of biological value of 
by balance exiicrimcnts in adults by b.alancc-sheet method at hi<di level of 
intake will bo dealt with in a later communication. 


protein 

protein 


Finally, the important question that remains to be 
underlying the difference in m-in.ary nitrogen excretion 


answered is the mechanism 
observed on the tevo types 
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of diets. Only a conjecture can be permitted at this stage and it is that there 
probably exist some characteristic features in the make-up of the nitrotren 
complex of a foodstuff which determines the metabolic outcome of the protein 
contained in it, tJie end result of which iniliiences the urine nitrogen. It is 
too early to say that this difference resides in the protein, for experiments with 
pm-e proteins har-e not been done. Further work on this interesting problem is 
in progress. 

Summary. 

Protein-metabolism studies were carried out on four adult male volunteers. 
Subjects were kejjt fii-st on predominantly vegetarian diets and later on diets in 
which animal protein (from moat, milk or eggs) supplied 50 per cent or more of 
the protein component. Tlie total protein content of the diets was kept 
nearly constant in all the periods. Wlien the subjects reached the steady state 
of urinary N excretion on each diet, the following observations were recorded 

1. The amount of nitrogen excreted in urine ])er 24 hours, was distinctly 
higher on diets containing a high jiroportion of animal protein than on predomi- 
nantly vegetarian diets. The fmcal nitrogen, on the other hand, remained 
unaltered or sho-n^ed insignificant Amriation. 

2. As a result of changes mentioned in 1, the nitrogen retention was higher- 

in vegetable-protein periods than in the animal-protein periods. The changes 
in N retention could lie repeatedly demonstrated by alternating Amgetable- and 
animal-protein diet periods. . - 

3. The apparent digestibility of proteins during the Uro periods was 
practicall)’- of the same order. 

From the observations described in the text and other considerations discussed 
in detail, it is concluded that the lo-w- urine N observed in Indians cannot 
be ascribed to a low protein intake. 
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Owing to the very higli incidence and the llea^y maternal and foetal 
mortality associated with it, the so-called ‘ pernicious anaemia of pregnancy ’ 
has been a subject of intense study by many workers in this country. A critical 
survey of the literature, however, reveals that no fixed criteria have been employed 
for its diagnosis. The early workers (JlcSwiney, 1927 ; Balfour, 1927) s4m to 
have included under that name any case of severe anaemia, provided the known 
common cau.scs such as loss of blood, sepsis, hookworm infection malaria 
dysentery, could be excluded. Wills and .Afehta (1930), in the first serious studv 
of the problem, defined it as a macrocytic anaemia, distinguishable from Addisonian 
pernicious anaemia by the incidence in younger age groups, absence of signs of 
cord involvement, absence of hjiierbilinibinaemia as judged bv the van den Bernh 
reaction, and by the presence, of free hydrochloric acid in the' gastric juice This 
contention was readily accepted, though the criteria adopted to judf^e the 
presence of mncrocytosis varied in different reports: the colour index (C I f AVills 
and ^rellta. loc. ni ; Mitra. 1931, 1937 ; Mudaliar and Rao. 1932 • Giinta ]93oi 
the inean «^rpusciilar haniioglobin (M. C. H.) (Napier and Billimoria. 1937 -’Nanre; 
and ^rujunidar. 19.3S : Chatterjee and Basu. 1939). the mean conm=:e.,Kr\t„r 
pi.c.v.) .,,,1 IMS; M„d»1i7r 19 J 0 
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halometry (Mitra, 1937) ■were the different devdces employed. Not always were 
even these criteria faithfully followed, and a careful reading of the submitted 
protocols shows that cases were labelled as pernicious anaemia of pregnancy even 
though the C. I. was lower than unity, or the ]\L C. V. or the mean corpuscular 
diameter (M. C. D.) were within the normal range or lower. This criticism applies 
to cases^ reported from the temperate climate as well {see Callender, 1944). 
Chatterjee (1940) noted that though the plasma-cholesterol values were low in 
all aiiffiinias, the lowest readings were recorded in pernicious anaemia of pregnancy, 
and this, de.spite the fact that pregnancy per se produces hypercholesterolasmia. 
Nayer’s (1942)^ experience was the .same J)nt no further confirmation of this work 
is available, cither in this country or from abroad. Elliot (1944) observed that 
a significantly increased corpuscular fragility was an exclusive characteristic of 
pernicious anmmia of pregnancy, not present in ‘ macrocytic anaemias associated 
with pregnane}' ’. It is necessary to point out that according to Elliot 
(Zoc. oil.) pernicious anremia of pregnancy, as met with in India (‘ tropical 
macrocytic anajmia of Wills'), is an anaemia merely ‘associated with pregnancy’ 
and does not show increased corpirscular fragility. Elliot’s observations have 
not been .substantiated by other workers so far and, in one ' instance, actually 
contradicted (Callender, he. cit.). The most important pronouncement in recent 
years regarding the pernicious anaemia of pregnancy is that by Callender, A 
critical review of the available literature and a detailed study of her own material 
convinced her tliat the only safe criteria for the diagnosis of this aiifemia are 
either (i) the presence of a true megaloblast in the peripheral Iffood or (it) the 
presence of true megaloblasts in the marroov ; it is essentiall)' a megaloblastic 
anmmia, no matter what the peripheral blood picture be. Accessory investi- 
gations are helpful in excluding other megaloblastic anmmias. Though these 
observations had been made by some -w'orkers Ijefore (Lambin and de Weerdt, 
1939, quoted by Jones, 1943 ; Segerdahl, 1941, quoted by Callender, loc. cit. ; 
Davidson, Davis and Innes, 1942), to Callender must go the credit for stating the 
case in unequivocal terms. 

It is the purpose of this communication to jjoint out that the observations of 
Callender are applicable to the common type of an{emia in pregnant females seen 
in this country and the tropics, and parading under many names : the anemia 
of pregnancy (MeSwiney, loc: cit. ; Balfour, loc. cii.), pernicious anjemia of pregnancy 
(Wills and Mehta, loc. cit. ; Mudaliar and Eao, loc. cii. ; Chatterjee and Basil, 
loc. cit.), tropical macrocytic ana3mia (Wills, 1948,- Napier, 1936), anaunia'of 
pregnancy (Gupta, loc. cit.), tropical anaemia of pregnancy (Editorial, hdmii 
Medical Gazette, 1932), macrocytic anaemia of pregnancy (Mudaliar and Slenou, 
loc. cit.), and nutritional macrocytic anaemia (Fairley et al., 1938). Two points 
must be cleared up at the outset. Is the so-called pernicious amemia of pregnancy, 
as seen in the temperate climate, identical with the similar condition encountered 
in this country and implied by the above names ? We believe that clinically, 
heematologicaliy and from the point of view of the natural history and the 
response to therapeutic agents, no distinction can Ire drawn between the two. 
iEtiologically, there is overwhelming proof that the anaemia, as met with here, is 
essentially nutritional (dietetic) in origin, though, at times, certain other factors 
(in addition to pregnancy and lactation) may precipitate its onset or even condition 
the deficiency responsible fpr it. This is true for the majority of the cases studied 
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in tlie temperate climate ; the patients have been poor apd subbing on _a 
deficient diet (Callender, he. cit.). Moreover, the incidence of pernicious antemia 
of pregnancy is particularly high in those regions in the West where poverty is 
rampant and where the general population lives on a poor diet (Callender, he. cit.). 
The single jioint of difference made out is that in pernicious ansemia of pregnancy, 
as seen in the temperate climate, a few of the patients even though consuming a 
good diet yet go into this peculiar anasmic state (Stevenson, 1938, quoted by 
Callender, 'he. cit. ; Segerdahl. loc. cit. ; Miller and Studdert, 1942 ; Callender, 
he. cit. ; Wintrobe, 1946). The nature of the extrinsic factor, _ or the independent 
hamiopoietic factor supposed to be lacking in the diets of patients in our countr)’’ 
(and the tropics) is not known and, therefore, it would be difficult to say precisely 
which of the diets contain it in sufficient quantity or in such a form that it 
is easily broken up from its combination with other substances, easil}’’ absorbed 
and readUy assimilated. Its absence in some diets and its presence in other diets 
is presumed, at the moment, on mere circumstantial evidence. The distinction 
between the so-called pernicious anaemia of pregnancy as met with in the 
temperate climates and as met with in India and the tropics does not, therefore, 
rest on any concrete scientific proof. This statement is made with full cognizance 
of the fact that the deficiency responsible for the anaimia may really consist of 
multiple factors (Watson and Castle, 194G). The second point may be stated thus : 
Is there an anromic condition peculiar to pregnancy adth characteristics of its own 
to justify a separate existence ? In our opinion, there is again no proof for this 
supposition. We believe that the so-called jiernicious anaimia of pregnancy is 
identical with the so-called tropical or nutritional macrocytic anaimia in non- 
pregnant females and males, and. further, that this anaemia may be encountered 
at any age. We may add that, nevertheless, the factor of pregnancy is of 
imjiortance from the point of view of the natural history (spontaneous remissions) 
aiifl resjionse to therapy (refractoriness to specific thcrajiy seen in some patients). 
Taking into consideration its nutritional origin and bearing in mind that the only 
hacmatological characteristics are either the presence of a true megaloblast in the 
])eri])hernl blood or a megaloblastic marrow, one of us (Bhende, 1943) has 
suggested that a suitable name for this aiuemia is )W(rilionaI umjnhhhstic anwmia. 
Obviously, Addisonian jicrnicious anamiia would be excluded from this group, 
hurther, the tenn should be restricted to the uncomplicated megaloblastic 
annemia of nutritional^ (dietary) origin ; megaloblastic anamiia of coeliac disease, 
tropical and non-tropical sprue, pellagra, gastro-intestinal disorders of various 
kiii(l.«, and fish tajjoworm infection should not be included in this group. 


.Matehial and methods. 

During the period between 'Shy 1917 and February 1948, investir^ation 
was carried out for aiucmia on a scries of 45 pregnant females admitted 
to tlie ante-natal warils of the XovTosjee Wadia ilaternityHosiiitaLBombav 

onivlho owing to the heaxw demands for admission 

oid\ thoM patients who were climc.elly thought to be suffering from fairlv 
advanced nnamua were admitted ns indoor p.atients. Ever!- cai was 
thorougldx invest igatcd. Ihc obstetrical historv- and the history of the 
present and past illnesses were recorded in detail. The dietetic habits both 
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before and _ during tbe present pregnancy, the economic status of tbe - family 
and tlie_ living condition at borne were ascertained as far as possible by direct 
questioning. A full physical examination was made in every case. The 
hsematologic investigations consisted of a detailed cytological study of the 
peripheral blood (including the platelet and the reticulocyte counts), the 
hffiiuatocrit determinations (Wintrobe, 1933), calculation of various relative 
indices and absolute values (for these a C. V. 42 '0 per cent was taken as 
lOO'O per cent and luemoglobin 14-5 g. as 100-0 per cent), the Pxice-Jones curve 
(Price-Jones, 1933, quoted by Whitby and Britton, 1946), the red cell fragility 
test (Creed, 1938 ; Dacie and Vaughan, 1938), the erythrocyte sedimentation 
rate (Wintrobe, 1933 ; Wintrobe and Landsburg, 1935), and examination of the 
sternal marrow (Bhende, 1947). In the last, the marrow-smear, at least 500 
nucleated cells from 5 different fields (4 at the corners and one in the centre of 
the smear) were differentiated. The nomenclature followed was that of Israels 
(1939). Biochemical investigations included the van den Bergh reaction on the 
plasma, the icteric index determinations, estnnation of serum proteins (Fohn and 
Dennis, 1912 ; Koch and McMeclcin, 1924, both quoted^ by Peters and van Slyke, 
1932), the blood cholesterol (Leiboff, 1924, also quoted by Peters and van Slyke, 
loc. cit.), and the blood non-protein nitrogen (Polin and Dennis, he. cit. ; Koch 
and McMeckin, loc. cit.). The Kahn test or the Wassermann reaction was done 
in each case. The fractional gastric analysis (Ehrmann test-meal) -ivith histamine 
administration, wherever necessary, was undertaken in all cases. The urine was 
examined as a routine and the urobilinogen content estimated quantitatively 
(Sparkmann, 1939), The faeces were examined as a routine and a special search 
was made for evidence of parasitic infection (Faust, 1939). 

Results. 

As already stated, an attempt has been made in this paper to examine, in 
the light of diagnostic criteria laid down by Callender (loc. cit.), the problem 
of the common type of anaemia as met vdth in pregnant females in this 
country. Out of the 45 cases investigated 40 could be diagnosed as nutri- 
tional megaloblastic ansemia fi'om the presence of a- true megaloblast either 
in the peripheral blood or in the marrow. The findings in these 40 cases are 
analysed below : — 

General features . — The age incidence, the relation to parity and the duration 
of pregnancy are shown in Table I. The living condition and the economic 
status may be judged from the facts that all these patients belonged to the work- 
ing class, with an average income of Rs. 80 per month, and that they lived as an 
average family of 4 to 5 individuals (including children) in a room about 12' x 12' 
in the working class clmvls of- Bombay, notorious for their bad hygienic condi- 
tions. Their diet, as far as could be judged from the history, consisted of 
wheat bread, rice, maize, pulses, and a helping of fresh vegetables occasionally. 
None of them could afford protective articles of diet such as milk, fresh green 
vegetables and fruits. Although 24 out of 40 were non-vegetarians, they ate 
fish once or twice a week and meat, on the average, once a month. The general 
impression gained was that the diets were deficient in total proteins and animal 
proteins. 



B. y. Kothari and Y. 31. Bhende. 


351 , 


Table I. 


Age incidence, parity and duration of pregnancy. 


Serial numbor. 

! 

i E 

er 

o 

1 

c 

' o 
to 

Parity. 

Duration of prog- 
nnnoy in months. 

Serial numbor. 

Ago in years. 

1 , 

c 

Duration of preg- 
nancy in months. 

Serial number. 

£ 

C 

o 
>> 
JC 
o , 

2 

c: 

Ps 

j 

• to . 

e £ 

c 

o 

O E 
^ c 
.2'^ 

■s g 

i: S 

Q ~ 

Serial numbor. 

m 

t- 

^ i 
c 1 

O 

to 

< 

Parity. 

Duration of prog- 
nancy in months. 

1 

28 

1 

VI i 

1 

8 

11 

1 

m 

vn 

9 

21 

1 1 

; -8 

1 ' 

; V 

9 

31 ' 

30 

1 

^ V 

1 

8 

2 

28 

IV i 

! 7 

12 

28 

VII 

9 

22 

16 

I ■ 

7 

32 ' 

1 

19 

I 

9 

■3 

25 

I ' 

1 

7 

13 

26 

1 

8 

•23 

;i8 

I ■ 

5 

33 ' 

28 

IV 

, ' ® 

■i 

,30 

in 

7 

14 

1 ■“ 

II 

8 

24 

24 

1 ” 

7 

34 

18 

I 

7 

5 

1 

(24 

II 

8 

15 

22 

I 

4 

25 

40 

fill 

s 

35 

24 

II’ 

7. 

0 1 

20 

I 

7 

10 

20 

I 

1 « 

20 1 

32 

I 


36 

24 

II 

8{ 

7 

27 

II 

9 

1 

35 

MI 

I ^ 

27 

38 

|IX 

9 

37 

20 

U 

9 

8 

20 

II 

0 

18 

20 

I 

1 « 

28 

26 1 

1 

III 

1 

8 

38 , 

20 

II 

9 

9 

30 

VI 

8 

10 

30 

IV 

7 

29 

30 j 

1 V 

8 

39 ; 

-20 

II 

00 

10 

28 

III 

7 

20 

23 

II 

7 

30 1 

1 26 j 

|m 

7 

} 
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Signs and symjdoms . — The common symptoms complained of by these 
patients and their frequency are listed in Table Il-a and the physical findings in 
Table II -5. 


The hcvmalological findings.— The hsematological data are presented in tabular 
forms (sec Tables Ill-a and III-6). The important observations in the sternal 
marrow are shown in Table IV. The additional features noted in the marrow- 
smears may bo enumerated briefly. On the whole, the smear gave an impres- 
sion that the marrow was cellular and- hyperplastic. All the elements of the 
marrow seemed to bo involved. The megaloblasts were in most cases basophilic ; 
megnloblnsts with polychromatophilic or orthochromic cji:oplasm were encountered 
in very small numl)crs in 12 out of 40 cases. The megaloblasts in different cases 
varied m size ; giant inegaloblasts, multinuclcatcd megaloblasts and megaloblasts 
sliowing nhnorninl mitosis 'v^'crc seen not uncommonly. Deformed normoblasts 
described by Scott (1939) as characteristic of iron-deficiency anemia were seen 
in some cases that sliowcd a low JI. C. H. C. Among the granular series 
hyrersogmented ncutroplnls, giant promyelocytes and metamyelocytes with or 
without aUqncal eosinophilic, amphophilic and azurophilic granules were identified 
in every case. Vacuoles in the cell cytoplasm and nuclear monstrosities with 
areas of rarefaction or holes in the nuclei were a common feature in these cells 
The megakary^ytc.s were few and appeared to be depleted; they showed little 
platelet formation in their cytoplasm. ^ ® 
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Table II. 


Frequency of symptoms and signs (40 cases). 


(a) Syjnptoins. 

Xumber 
of eases. 

(b) Signs. 

Number 
of cases. 

Easy fatigability and weakness 

40 

Pallor of mucosa and nails 

40 

Anorexia 

28 

Qildema of lower extremities 

35 

Attacks of glossitis and/or stomatitis 

21 

Glossitis 

10 

Cough 

22 

Enlarged heart and hremic murmur 

9 

liervous symiitoiUs (par.'esthcsia) ... 

11 

Sepsis (teeth, pyelitis) ... 

8 

Diarrhoea 

7 

Koilon 3 ’chia 

7 

Foyer 

11 

Enlarged spleen 

' 

6 


Table Ill-a. 


Findings in the pcnphcral blood. 
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= normoblast. = megaloblast. 
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Table IV. 


The marrow fmilimgs. 


Serial 

number. 

*“ ^ 

Hsemocyto- 
blnsts, per 
cent. 

' 

Vroerylhro- 
blnsts. per 
cent. 

Mkoaloiilasts, I'F.n 
CEXT. 

{ 
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J. 

, 
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^ III. 

1 

0 
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0-0 
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2-1 

29-4 

1 

14*5 

3 

0-0 

0-0 

0-0 

21-0 

3-5 

20-8 

2-2 

4 

0-0 

0-2 

0-0 

23-0 

3-5 

13-4 
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0-4 

0-0 
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10 
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13 
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6-0 

14 
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15 
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49-8 

IG 
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0-95 
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17-9 

/ 

3-2 

17 

0-4 

0-0 

0-0 

17'5 

8*3 

17-7 

4-8 

18 

0-25 

o-o 

0-12 

15'5 

2-25 

20-5 

' 

3-53 

19 

0-0 

0-0 

0-2 


4-0 

23-8 

1-6 

20 

0-7 

0-0 

2-56 

• 19-1 

3-66 

18-85 

7-32 

21 

0-12 

0-12 

0-25 

8-25 

l-7o 

19-26 

3-6 

22 

0-0 

0-5 ■ 

0-0 

4-0 

3-3 

38-2 

I4'0 

23 

0-13 

0-65 

0-0 

3-25 

3-5 

53-37 

7-8 

24 

0-3 

0-5 

0-83 

28-33 
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3-74 


The Vftlnes are expressed as per cent of total nucleated colls. 
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Sorinl 
number. ' 
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Hiemocyto- j 
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1 

0 


‘ ... 



The mines nre expressed ns per rent of total nnelonted eells. 


Biochi’wicdl findiiuja . — The van den Bergli reactiou gave an indirect positive 
reading in U cases; in all these cases the icteric index was raised. The values 
Huctunted between 7 and 9 units in 9 cases : in 2 cases the icteric index was 12 
and 15 units respectively. In the rest, the reaction was negative and the icteric 
index was lictween 2 and 7 units. The hyperbilirubinannin (as judged by the 
positive van den Bergh reaction and an elevated icteric inde.v) was not 
accomjinnied by uroliilinnria. Tlic values for urine urobilinogen, as determined 
by S}tarhninnn's [\oc. cil.) method, wore well within the norninl range in all c.ases. 
I'istiination of the .serun\ ])roteins revealed hypoprotcinrojuia in .33 cases. Blood- 
cholesterol level was between lOO'O nig. and 2(KT0 ing. per K!0 c.c. in the inajoritv 
ol the eases ; in 2 cases tlie reading was 228-5 ing. and -246-1 mg. respectively and 
in another 2 cases 80 me. The figures for the non-protein nitrogen ranged 
from 20'3 me. to 34-2 mg. jwr 100 c.c. Gastric analysis .showed normal aciffitv 
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in 7, Lyperchlorliydria in 2, liypocLlorhydria in 29, and a histamine-fast 
achlorhydria in 2 cases. Routine urinalysis showed albuminuria in 21 cases; 
in 16 it could be described as traces of albumin, in 6 as l-j-. 

Olher findings . — The blood Kahn test or Wassermann reaction was positive 
in 6 cases of the series. Routine examination of fseces revealed that parasitic 
infection was not uncommon amonp our patients. Thus, anhylostome ova were 
present in 7 cases ; ova of A. hmhricoides in 8 ; ova of T. trichima in 4 ,; cyst of 
E. histolytica in 4 and cyst of G, lamhlia in 1 . 


Comment. 

The clinical picture of Jiutritional megaloblastic anaemia (in pregnancy) that 
emerges from the analysis may be stated thus ; The age incidence is earlier than 
in Addisonian pernicious anjemia. The anmmia is usually insidious in onset and 
is usually fully developed in the third trimester of pregnancy. Some cases, how- 
ever, show a quick onset and a rapid evolution ; precipitating causes like sepsis 
or persistent voimting may be present in sucli cases. The vast majority of the 
patients are poor : low economic statins, bad living conditions, and a defective 
diet (especially lacldng in proteins) are tlieir lot. Compared to the deteriorated 
state of the Iblood, there is a paucity of symptoms. The common symptoms 
include general weakness, oedema of the articles, attacks of glossitis (indis- 
tinguishable from that of Addisonian pernicious aneemia, except that a smooth 
glazed tongue or atrophic glossitis does not occur), and stomatitis, gastro-intestinal 
disturbances (anorexia, fiarrhoea, vomiting) and fever. Parmsthesias in the 
limbs are not uncommon. Other sjnnptoms include those common to all severe 
anaemias. Among the conunoner physical signs, in addition to those of any severe 
anaemia (like pallor, low blood pressure, and a haemic murmur), may be mentioned 
oedema of the ankles and enlargement of the spleen. Sub-acute combined 
degeneration of the spinal cord was not encountered and is said not to occur in 
these cases (both tropical and those of the temperate climate), Degazon (1945), 
however, has recorded a case in a pregnant female with a spontaneous recovery 
after delivery. It vdll be seen that no symptom is specific and no physical 
sign diagnostic. In every case a full luematological study is, therefore, 
imperative. 

The anaemia is fairly adimnced by the time the patient seeks advice. The 
blood picture, in general, conforms closely to the description of dimorphic anaemia 
as given by Trowell (1942). In uncomplicated cases, the leucocyte county is 
normal or there is leucopaenia. The platelets are reduced. No cases showing 
purpura associated with this thrombocytopaenia have been encountered, biit 
Fairley et ol. {loc. cit.) have noticed this association in 25 per cent of their 
cases and, in some of their patients, purpura was the presenting symptom. 

The reticulocyte count is usuallj’- low. In our series we have been unable 
to correlate the occurrence of splenomegaly, hyperbilirubinemia and reticiilo- 
cytosis (except in one case where malarial parasites could be demonstrated), but 
such cases have been described in this country (Napier, 1939), in Macedonia 
(Fairley al., loc. cit.) and in Africa (Trowell, 1943) under the name of nutritional 
macrocytic anemia hemolytica. Precedent chronic malaria is considered as an 
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Eetiological factor (in addition to dietetic deficiency) in sucli cases. The yalues 
for the C. I., 51. C. H.. 51. C. V., 5r. C. H. C. and the 51. C. D. are extremely 
variable and no reliance could be placed on -them for correct diagnosis. Adopting 
the figures of Price-Jones ct al. (1935) for the normal range of 51. C. V. and 
51. C. H. C., our cases could he classified into different groups as shown in 
Table Y, wherein the correlation of these values with the criteria adopted for 
the diagnosis of nutritional megalobla.stic ansemia has been shown. It will 
be seen that if one were to rely on macrocytosis (as determined by 51. C. 5^.) for 
the diagnosis of this anreniia, as is usually advocated, only 17 of the 40 cases 
would have been spotted out. The 15 cases shovdng normocjdosis and 8 cases 
showing microcytosis would have been missed, as without a meticulous search 
for a megaloblast in the peripheral blood or the demonstration of megaloblast in 
the marrow, they would not have been diagnosed as nutritional megaloblastic 
anajmia. It may be emphasized that even microcytosis in the peripheral blood 
may not be incompatible with the diagnosis of nutritional megaloblastic anaemia. 
Such cases have been reported by others (Lam))iu and de Weerdt, loc. cit . ; 
Segerdahl, loc, cit. ; Davidson ct al.. loc. cit. ; Foy and Kondi, 1943 ; IVoolf and 
Limarzi, 1945). Similarly, the 51. C. D. in nutritional megaloblastic anaemia 
may be slightly raised, be within the normal range, or may be even lowered. 
Anisocytosis and poikilocytosis are common in the blood-smear but the Price- 
Jones curve shows that in nutritional megaloblastic anosmia the values for 
standard deviation and coefficient of variation are below those given for Addisonian 
pernicious anoemia (see Table ITI-6). 


Table Y. 

The relationship between the type of aneemia and the findings of megaloblast 
in the peripheral blood and the marrow. 


Clfiss. 


I I Xumber of cases 

1 KwTnberof < showing meg.v 
loblast m 

j peripheral blood- 
fimenr. 


cases. 


Xumbor of cases 
shorving mega- 
loblastic 
marrow. 


(- 


10 


la 


10 


- i 


10 

6 

13 


Macrocytic, orlliocbromic 
hypocliroinic 
Xormocytic, ortbocbroniic 
liypochromic 
Microcytic, orthochroniic 
,. liypochromic 

MacrocytoMs as jmlgcl l,y M. y. . 

per pp"', '■onrentmtiou as judgcl by M.C. H. C. : normal r.ingc 28-11 


per cent to 34-,l') 
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Though the figures for the mean corpuscular average thickness (M. C. A. T,) 
are higher than 2-545/i, the upper limit of normal (Price-Jones et at, loo. cit.) 

in 3 cases [see Table III-&), the figures for the ratio ^yhich is a better 

index to spherocytosis fall within the normal range in all our cases. Thus, we 
are unable to confirm the contention of Fairley el al. {loo. oil.) and Chatteriee 
(loo. cit.) that in this anremia there is spherocytosis, or a disproportionate increase 
in the red cell thickness. 

_ Nor did we find any significant increase in the erythrocyte fragility which 
Elliot (loo. oil.) claims to bo diagnostic, of pernicious anaemia of pregnancy of the 
temperate climate (.too Table Ill-b). Our findings fully support the statement 
of Callender [he. oil.) that the only diagno.stic feature of the peripheral blood 
is the presence of a true megaloblast. 

As megaloblasts in the peripheral blood, even in a severe case, may be few 
and are, therefore, apt to be missed unless a prolonged careful search of the smear 
is undertaken, in every case of anaemia, haematologic investigations are incomplete 
without the exajnination of a marrow-s)near. In all our eases (except one, where 
the sternal puncture was refused) megaloblasts were unequivocally demonstrated 
in the marrow. Ehrlich’s hfemoglobinized mega]o))lasts are rare or few in these 
cases, but the significance of this ob-servation in differentiating this anaemia 
from Addisonian pernicious anaemia cannot be dogmatically stated. In most of 
these cases megaloblasts (Ijasopliilic) were present in plenty (see Table IV) and 
could easily be spotted out at a glance. In some cases, probably very early or 
those wlncli may have had incomplete specific treatment, a careful and often 
prolonged search may have to be undertaken for their detection. It has been 
realized that it is not alw'ays easy to identify these cells and the difficulty cor- 
respondingly increases when they are present in vet}' small numbers. In such 
circumstances the aberrations in the granular series are a good aid. Zuelzer, 
Newhall and Hutaff (1947), studying the marrow changes in the megaloblastic 
anaemia of infancy, concluded that these abnormalities of the leucocytes were 
the earliest changes in megaloblastic transformation of the marrow. The import- 
ance of examination of the marrow in every case cannot be over-emphasized. 

Hypoproteiuseraia was found in 33 cases of this series but cannot be 
considered diagnostic for this anmmia. (Seven cases gave normal values for 
plasma-proteins. IVe cannot agree with Callender (loc. cii.) that a normal read- 
ing for the plasma-proteins rules out dietetic deficiency as far as this aiifemia is 
concerned. Our results of blood-cholesterol estimation show that this constituent 
is depleted in these cases — considerably — as normally in pregnancy there is 
hypercholesterolaemia. At the same time, we could not confirm, in our series, 
the very low values obtained in these )jatients by Chatterjee (Zoc. cit.) and Nayer 
(loc. cit.). In any case we do not think that this finding is a \'aluable diagnostic 
feature or sjiecific for this ansemia. Hyperbilirubinemia is seen in some cases. 
Its existence has been confirmed by direct plasma-bilirubin estiniatiqns. It is 
seen Ijptb in patients from zones where malai-i'a is endemic and in regions Avhere 
it is unknown. Hyperbilirubinsemia, if accompanied by a high reticulocyte count, 
would be diagnostic of the hsemolytic variant of nutritional hiegaloblastic ansemia. 
By itself it should not be so considered. Sunilarly, the original contention of 
Wills and Mehta (he. cit.) that hyperbilirubinsemia is a point against the diagnosis 
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of tropical macrocytic anemia and in favour of a diagnosis of Addisonian 
pernicious anseraia is no more tenable. Wills {loc. cit.) bas accepted this modifica- 
tion. Gastric analysis shows the presence of free bydrocbloric acid in the majority 
of these cases of nutritional megaloblastic anemia, A histamine-fast achlorhydria 
is found in some cases both in the pregnant females and males (Fairley 
et al, loc. cit . ; JIcRobert el al, 1940 ; Bhende, 1942 ; Davidson et al, loc. cit.). 
With treatment of the ansemia the acid returns in some of the cases. The 
presence of a histamine-fast achlorhydria 'should not be considered as a point 
negativing the diagnosis of nutritional megaloblastic anjemia. Lastly, in this 
country, examination of the fajces for parasitic infection should never be 
neglected. Not a few cases are complicated by a coincident ankylostome infec- 
tion ; this was present in 7 of our cases and has been reported by others. 

In conclusion, it may be pointed out that in the light of the re-orientation of 
the views regarding the diagnostic criteria for this anjemia many of the previously 
expressed opinions on the different aspects of this condition will have to be re- 
assessed. 


Summary. 

1. A preliminary report of 40 cases -of so-called pernicious ansemia of 
pregnancy is submitted. 

2. A detailed analysis of these cases shows that no symptoms are specific 
and no physical signs diagnostic for this anemia. The only reliable criteria for 
the diagnosis of this condition are : (f) the presence of a true megaloblast in the 
peripheral blood and (n) the presence of a true megaloblast in the marrow. 

3. _ These criteria, originally laid down by Callender for the pernicious 
anosmia of pregnancy as met with in the temperate climate, are applicable 
to the similar condition seen in this country. 

4. It is argued that clinically, hsernatologically, and, tetiologically, the 
pernicious anromia of pregnancy as met with in the West is identical with the 
similar condition met with in India and the tropics. 

5. _ A new term milrilional megaloblastic ammia is proposed for this 
anromia. It is pointed out that this anaemia can also be encountered in non- 
pregnant females and males of any ago. 

G. Iho importance of a full haematological investigation in everj^ case of 
anroima is stressed. 


Mr ‘ ^^asam, Principal Jledical OjBScer of the Nowrosiee 
st adia Maternity Hospital, Bombay and to our colleagues in that Institution for 
placing their clinical materials at our disposal, and also to the I R F A 
for subsidizing tins inquiry. ' ' ‘ 
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ON REACTIONS FOLLOWING RE-VACCINATIONS WITH 
VACCINIA ^HRUS PREPARATIONS, WITH SPECIAL 
REFERENCE TO THE ‘REACTION 
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[Received for publication, March 31, 1949.] 


ICarly in 1940. at the suggestion of the Bfinistxy of Health in England, con- 
veyed through the then Public Health Commissioner with the Government of India, 
it was decided to undertake a field investigation to ascertain whether in the presence 
of smallpox, vaccinia virus cultivated on the chorio-allantoic membrane of dev’el- 
opmg chick embryos would equal, in its protective value, the calf lymph in routine 
use in the Province. Twenty-six milages in the vicinity of the Institute on the 
main lines of communication were chosen for the study. In each %diiage, the 
available child population for primary vaccination at each visit was dhdded into 
two groups : one was vacemated with the membrane virus (hereinafter called for 
convenience ‘ membrane lymph ’) and the other with calf lymph. There was 
no bias in the selection of cases, the grouping being done on the basis of alternate 
cases. It was the intention to study the relative incidence of attacks and deaths 
in the two grotips in tho event of an epidemic of Bmallpo,x occurring in any of the 
villages. 

The vaccinations were performed by the regular vaccination staff of the Public 
Health Department and the results obtained checked pcriodicallv bv a team from 
tho Institute, thus assuring uniformity and accuracy of data. The operation of 
vaccination was performed with the so-called ‘rotary lancet’ in common use 
throughout India, by superficial scarific.ation of the skdn through a dose of vaccinia 

( 365 ) 
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virus placed on it. One end of tlie lancet lias a circular disc with five pointed 
scarifiers wliicli on rotation make a circular cut about 6 mm. in diameter. The 
other end of the lancet is provided with a small scoop with a central hole in it to 
facilitate the removal of lymph from the lymph vial. It was the practice in 
primary vaccination to supply the vaccine at four separate sites, two oh each 
arm. ^ Uniformity of the vaccination area was thus assured in all cases by this 
technique. 

The reactions following vaccination with membrane lymph were, as a general- 
rule, milder than in the case of calf lymph though the evolution of the lesion was 
characteristic of vaccmia. The case success rates were also lower, being 89 ‘2 per 
cent as compared "with 99 T per cent in calf lymph. It would, therefore, be correct 
to say that in a general sense the membrane lymph was less ‘ potent ’ than calf 
lymph. It should, however, be stated that a higher percentage of ‘ takes ’ with 
the membrane virus has not been recorded by other observers. 

The experiment lasted for 5 years and the results of the comparative study 
are being reported separately. At the end of 4 years, during which period the 
experimental group of villages escaped any severe outbreak of smallpox, it was, 
however, decided to study the effect of re-vaccination in the children primarily 
vaccinated during the first year with the two types of lymph. In order, however, 
not to vitiate the set up for the original purpose of the study, namely, the compara- 
tive efficacy of the two types of vaccine in the presence of smallpox, the re-vaccina- 
tions were performed with the homologous t 3 q )6 of vaccine. Thus, children 
who were primarily vaccinated with calf lymph were re-vaccinated ndth calf 
lymph and the other group with the other lymph. For purposes of comparison, 
however, re-vaccination with heterologous type of lymph was carried out 
subsequently in a further series of cases. At a later stage, the effect of re- 
vaccination six months after ‘ primary ’ vaccination was studied in yet another 
group. The present note deals with the observations made in the course of this 
study in re-vaccination. 

The operation of re-vaccination was performed in exactly the same manner 
as primary vaccination except that the vaccine was inserted at only two sites, 
usually on the left forearm. The results of re-vaccination were observed after 
24 hours, 72 hours and 120 hours, and again after 8 days. In recording the nature 
of the reaction following re-vaccination, the criteria mentioned by Leake (1927) 
were generally followed. Thus, the occurrence of a reaction which manifests itself 
as an area of redness at the site of vaccination, appearing and reaching its maximum 
within 72 hours, fading away without any subsequent change was recorded as an 
‘ immune reaction This was almost always accompanied by a slight elevation of 
the .-^kiTi over the vaccinated area. A reaction in which the lesion passes through all 
the stages of ' primary ’ vaccinia but in a shorter time, the maximum being reached 
and passed between the 3rd and 7th days was considered as an ‘ accelerated reaction ’ 
and recorded as a ' modified take The appearance of a vesicle was considered 
essential to define this reaction. Frank ‘ takes ’ characteristic of primary vaccinia 
were recorded as such and cases which did not show any reaction at all were re- 
garded as ‘ failures No attempt was made to repeat the operation of vaccination 
m the case of ‘ failures nor any controls with killed vaccine included in the 

•series. 
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T!ie results of re-vaccination of children, primarily vaccinated with success 
four 5"ears previously, are summarized in Table I. _ These include observation 
on (i) a CTOup of 350 children who were primarily vaccinated with membrane lymph 
and re-vaccinated with "membrane lymph ; (ii) 373 children primarily vaccinated 
with calf Ijmiph and re-vaccinated with calf lymph ; (m) 66 children in whom 
‘ primary ’ Vaccination was with membrane lymph and re-vaccination with calf 
lymph ; and (iv) 65 children in whom the ‘ primary ’ vaccination was with calf lymph 
and re-vaccination with membrane lymph. 


Table T. 


Besults of re-vaccination of children primarily vaccinated 4 years 

previously. 


Primary vaccination : — 

Stembranc. 

Calf. 

1 Membrane. 

Calf. 

Re-vaccination : — 

Membrane. 

Calf. 

■ Calf. 

Membrane. 



1 


4i» 

1 

i 


■*» 


O 

a 

S 

g 



a 

O 

c 


e 

u 

O 

u 

1 

, S 

1 *■* 

g 

o 

! 


& 


fu 

1 

i 6. 

sl 

s 

! 

' Failiiro ’ 

113 

1 32‘3 

13 

36 

1 

1-5 

0 

0 

‘ Immvmc reaction ’ 

18G 

i 

1 63‘1 

164 

41-3 

13 

10-7 

i 

61 

93-8 

* Accelerated reaction ' ... 

39 

IM 

128 

1 

34-3 

: I'i 

21-2 

3 

4-6 

‘Takes' 

12 

3-4 

i 

78 

20-9 

1 

f 

67-C 

1 

1-C7 

Tot ACS 

350 ■ 

S73 GG 

i 

G5 


It will bo seen that distribution of the types of response to re-vaccination is 
different m tho diffcrcnl. groups. The largest proportion of failures occurs in the 
group where lioth primary and re-vaccinations were done with membrane Ivmnh 
Leake {he. at.) has stated ^that uitli the use" of a potent lymph for re-vaccination 
( licrc should ho no failure if sufiicient precautions arc taken to ascertain the results 
ns early ns possible. As already mentioned, the first inspection of the result of 
rc-vnccination was made as early as 24 hours after the operation. Even so as 
many as 1 13 clnldreii out of 3o0 in this group, i.e. 32-3 per cent, failed to show knv 
reacfion. \Mnlc it is true that, these cases were not tested by a repetition of the 
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operation of vaccination, tlie marked difference from the failm-e rates in tlie other 
groups must be considered significant. Faults in technique were not probably 
responsible for the high failure rate, as vaccinations performed at the same time 
with calf lymph have resulted in a much smaller proportion of failures, viz., 3 '5 per 
cent in a group of 373. The difference is even more striking when these results 
are compared with the results in the 3rd group of 66 children primarily vaccinated 
with membrane lymph and re-vaccinated with calf lymph where only one child 
failed to show any reaction. Also, primary vaccinations in children (not included 
in the series) done at the same time and with the same batches of membrane 13'mph 
have yielded the usual case and insertion success rates. It would, therefore, appear 
that the large percentage of ‘ failures ’ in re- vaccination with membrane lymph is 
probably due to its being inherently a ‘ weak ’ vaccine, and if failures are to be 
largely eliminated, a fully potent vaccine, more potent than would be considered 
adequate for primary vaccination, is required in re-vaccination. It is shown sub- 
sequently that in a small group of children, with the use of potent vaccine lynaph 
in re-vaccination, no ‘ failures ’ were recorded even when the re- vaccinations were 
done only six months after successful primary vaccination. The possibility that 
the presence of the Duran-Reynals factor in calf lymph which contains, besides the 
vaccinia virus, living and dead bacteria, and its absence in bacteria-free membrane 
lymph may contribute to this difference in the ability to ‘ take ’ in partially immune 
individuals has also to be considered. 

‘ Imnmne reactions ’ were re^corded in 53*1 per cent of children vaccinated and 
re-vaccinated with membrane lymph and 41 *3 per cent of children vaccinated and 
re-vaccinated with calf lymph. The reason for the higher percentage of the occur- 
rence of the ‘ reaction of immunity ’ in children originally vaccinated with an 
admittedly weaker vaccine requires to be explained. That it bears relation to the 
use of a weaker lymph in re- vaccination is brought out by the very high proportion, 
viz,, 93 '8 per cent of these reactions recorded in group (fa), who were more 
adequately protected with calf lymph in ‘ primary ’ vaccination. Leake {loc. cit.) 
has observed that the use of insufficiently potent vaccine in re-vaccination 
results in a reaction similar to the ‘ reaction of immunity ’ in those who should 
give vaccinoids, 

A comparison of the proportion of ‘ accelerated reactions ’ and frank ‘ takes ’ 
in the different groups also brings out the difference in the potency of the two types 
of lymph. The highest proportion (78’8 per' cent) of these successful reactions 
occur in group {in), children who were primarily vaccinated with membrane lymph 
and re- vaccinated with calf lymph; 67 ’6 per cent were frank ‘takes'’ and 21 '2 
per cent modified ‘ takes ' or accelerated reaction. In group [i) children originally 
vaccinated with membrane lymph, who may be assumed to be comparable in their 
vaccinal state to this group, when re-vaccination was done with membrane lymph 
the percentage of these successful reactions was only 14-5 of which 3-4 were frank 
‘ takes ’ and lid modified ‘ takes ’. The percentage of successful reactions in the 
group originally vaccinated with calf lymph and re-vaccinated with the same 
lymph was 55 '2, of which 20 '9 were frank ‘takes’ and 34-3 modified ‘takes’. 
Compared with the group primarily vaccinated with membrane lymph, these show 
a slightly higher residual immunity at the end of 4 years. The lowest percentage of 
successful reactions was in the last group of children who were originally vaccinated 
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witli calf lymplx and in whom re-vaccination was done with membrane lymph, 
being only 6'3. These figures again bring out the advantage of carrying out re- 
vaccination with a fully potent lymph. If the general view is accepted that the 
occurrence of these successful reactions following re-vaccination denotes suscepti- 
bility of the individual at the time of the re-vaccination, the fairly high percentage 
of these reactions obtained in groups (n) and (ni) would indicate how rapidly the 
immunity afforded by primer}’- vaccination in infancy can be lost, at any rate to 
vaccinia virus, and point to the desirability of carrying out re-vaccinations when 
the child enters school. The .results of re-vaccination in a group of 42 children 
with a potent calf lymph six months after ‘ primary ’ vaccination are given in 
Table II :~ 


Tabt,k II. 


Results of rc-vaccinalion toith calf lymph six 
months after primary vaccination. 

i i 

Primary vaccination : — Membrane. ' Ca)f. 


Bc-vaccination : — Calf. Calf,' 

‘Failure’ ... ... 0 0 

‘ Immune reaction ’ ... 11 11 

‘ Accelerated reaction ■ 9 g 

‘Takes’ ... ... 2 0 

Tot.xls .. 22 20 


It is seen that with the use of a fully potent vaccine for re-vaccination there 
arc no failures, exeu ^w^eu the rc-vacciuatious were performed within as short a 
period as C months after ‘primary ’ vaccination. The liigh proportion of ‘accel- 
erated reaction and takes at such a short, period is remarkable. ‘Imna.ne 
reactions were recorded in a little over 50 per cent of these children. 

In the course of a study of 2,000 consecutive cases of smallpox in the citv of 
Madras,- <iuring tl.o period im~lG. an analysis was made of the vaccinal Sate 
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of, the patients at the time of tlie attack in relation to the severity of the infection 
and outcome of the disease. A comparison of the data relating to the case 
mortality rates in two groups (a) those who had been primarily vaccinated in 
childhood and (&) those who in addition to ‘ primary ’ vaccinatioji in childhood 
were re-vaccinated but recorded as ‘ failures ’ is presented in Table III : — 

Table III. 

Mortality rates in cases of smallpox vaccinated once in 
infancy and in cases in whom re-vaccinations 

prior to allacli were recorded . 

as ‘failures 


Age groupe. 

I PniMARY 
1 TIONS 

I 

VACeiXA- 

OXLV, 

Re-vaccination : 

‘ failures ’. 


1 

1 Attacks. 

» 

j 

[ Deaths. 

Attacks, 

Deaths. 

0— 5 

i 33 

i 8 

1 

0 

6—10 

1 

, 45 

) 

6 

18 

, 0 

11—20 

i 218 

i 

138 j 

1 ^ 

21—30 

i 274 

1 

! 27 

f 

182 

1 9 

31—40 

1 

15 

41 

1 

41 and over ... 

i 35 

1 

4 j 
i 

25 

3 

Totals ... | 

i 

i 

i I 

671 1 

[ 

1 

i 

1 

78 

(11 '0 per 
cent). 

405 

15 

(3-7 per 
cent). 


It must be stated that the results of re-vacciiration were not observed earlier 
than a week after re-vaccination and that the 2nd group includes a large percentage 
in whom an ‘ immune reaction ’ would have been recorded had they been observed 
earlier. Both vaccinations and re-vaccinations in this group were performed with 
the routine calf lymph issued from the Institute. 

These results show that those in whom a re- vaccination was done though with- 
out eliciting either an ‘ accelerated reaction ' or a frank ‘ take ’ had higher resist- 
ance to withstand the attack than those in whom no re-vaccination was done. 

Discussion. 

The observations recorded above show that with the use of a fully potpt 
vaccine for re-vaccination, the absence of any reaction following fe-vaccination 
is very uncommon and that a fully potent vaccine, more potent than would be 
considered adequate for primary vaccination, is required in re-vaccination. The 
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experience presented in Table III confirms this rien- that even at the end of 
fi months, after successful primary vaccination, there was no case of ‘ failure 
Appreciably high percentage of ‘ accelerated reaction ’ and frank ‘ takes ’ are ob- 
tainable even within as short a period as six months. 

The reaction following Te-vnccmation should, as pointed out by Edsall (1917), 
be considered in the relation to the level of inmuinity in the host and the potency 
of the virus preparation used. In his vietv, the 'immune reaction’ would result when 
the immunity level in the host is sufficient to suppress the particular virus infection 
in question before it gets fairly started, and the chance of producing such a reaction 
would be favoured not only by a very high level of immunity in the host Imt also 
by a relatively low degree of infectivitj’^ of the virus. If the assumption is made 
that at the end of 4 years the level of residual immunity following primary vaccina- 
tion with a more potent lymph is higher than the level of iinmunity following 
vaccination with the weaker membrane lymph, the figures for ' immune reaction ’ 
in the two groups would agree with his views. 

Another difficulty ijj the interpretation of the significance of the ‘ imnmnity 
reaction ’ in re-vaccination arises from the fact that this reaction may be closely 
simulated Ijy a reaction due to sensitivity which is apparently elicited by the con- 
stituents of the vaccinia virus, living or dead. Broom (1947) has drawn attention to 
the occurrence of a reaction indistinguishable from ‘ immune reaction ’ in approxi- 
mately 10 per cent of persons tested hy him in whom a simultaneous vaccination 
was done with a killed virus, Scott and iVarin (1947) have shown that the killed 
vaccine elicits a similar reactioii and that this is due to allergy resulting from 
previous sensitization of vaccination and can be elicited m equal measure with 
either heat-killed or viable virus. In a small series of cases where simultaneous 
vaccination was performed using a membrane virus, lieat-killed membrane virus 
and uninoculated chick-embryo membnine supplied from the Institute, hfePherson 
•{1947 — personal comynuincation) has shown that the reactions elicited by the live 
virus and heat-killed membrane virus were similar and that the membrane 
element itself did not play any part. All workers of experience in this field 
are agreed that it is difficult to laj-- down any objective standard to differentiate 
the reaction of immunity from a reaction due to sensitivity to vaccinia-vims 
protein. 

However, Broom (loc.cif.) has recorded ‘ immune reactions ‘ inII9 out of T, 227 
persons re-vaccinated by him, by carrying out a simultaneous control vaccination 
with a heat-killed virus preparation and interpreting his results on the basis of the 
difference in tlie intensity of the reactions observed at the sites wliere the live and 
killed vaccines were applied and on a knowledge based on the history of previous 
vaccination and the evidence of tlie scar left as a result thereof, Edsall (foe. ciL} 
re-arranging Broom’s data to show the percentage of individuals manifestin" tlie 
different types of response to re-vaccination has domonstrated tliat the percentave 
of susceptibies (' primary ’ and ‘ accelerated reactions ') correlates directly with the 
intervai since last vaccination and the percentage of ‘ immune reaction ’ shows an 
inverse correlation. If, therefore, a potent virus preparation is used along with a 
suitable technique, it is felt that it should be possible to recognize a reaction of 
imnuinity (sic) which could be taken as a manifestation of .successful re-vaccination 
It would, therefore, seem not to be entirely reasonable to classify all reactions other 
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than an ‘ accelerated reaction ’ and ‘ primary ’ A'accinia as unsuccessful. The case 
of 22 ‘ immune reactions ^ presented in Table III in children who were re-vaccinated 
six months after ‘ primary ’ vaccination will be a point. The certificates of their 
original vaccination would remain valid for 3 years and the results of re-vaccination 
six months after successful primary vaccination would place them at a disadva;n- 
tage. Such a position is obAnously untenable. It is, therefore, our view that if 
re-vaccinations are performed with a fully potent vaccine, a technique adequate 
to ensure penetration of the host tissue applied and the results of the re-vaccination 
observed at suitable intervals after operation, ‘ immune reactions ’ recorded as such 
by - experienced physicians would constitute evidence of a successful vaccination 
and imply that the person manifesting this reaction possesses a reasonable resis- 
tance to smallpox. 

Our thanlcs are due to our. colleagues in the King Institute and the personnel 
of the Department of Public Health, Gormrnment of Madras, and the Corporation 
of Madras, who have helped us in this study. 
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After the termination of the last tvar the Jledical Dkectorate at G.H.Q. 
(India) decided lo investigate the following selected areas of the countrj’- for the 
presence of tyjihns group of fevers and particularly their vectors ; Kumaon hills 
in the ouler Himalayas, Jubbuljiore and Chindwara forest in the Central Province, 
Bangalore and C’hedleth forest in the south and parts of the Rajputana desert. 
Oui of these areas in Bhimtal. Ranikhet. Jubbulpore and Bangalore, typhus had 
occurred in Ihe Army from a long time, but in the two forests its presence was 
detteted when camps were started there during the last war. 

The literature on the typhus fevers of India i-sfast accumulating and it will bo 
more .suil.ablc to review it towards the end of these invcsl.igations, which by now’ 
include. Kashmir also. The present paper is only a record of the investigations 
at Jubbulpore, which were carried out during the period of November 1946 
to .April 1917. 


Cltxical inwbstioatiox. 

Mil line tijphiis.—Dm'mg the period of investigation, 11 cases occun-cd in the 
garrison at Jubbulpore. Ten cases had all the symptoms of a moderately severe 
attack of murine tyjdms. The following is an aiialysi.s of some of the particular 
.symptoms: Superficial lymph glands enlarged in three cases, of these one had 
generalised lymphadenitis ; in the second only the post-cervical ; and in the third 
only sub-m.andibular lymph glands were involved. Pain in the joints in one case ■ 
neuritis in one case; tympanitis in two cases and basal congestion of the lun^s 
in one case. Rash aiipcarcd in 7 cases. The eleventh case was very mild mitli 
a, mk ( 373 ) ' 2 
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P Mure charts are shown in Graph survived. 
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region which cleared hy itself. The temperature came down bj rapid lysis on the 
17th day. 

Laboratory dugkosjb. 

Wcil-Fclix rmetion. — ’Wdl-Fclix reaction was positive in 10 cases in a diagnos- 
tic titre (see Table 1), but it did not help in differentiating between different typhus 
fevers. Seven ca.ses liad high 0X2 agglutinins, while in three 0X19 was high. 
Tn the eleventh case, in which fever had come down on the 9th day, the Proiens 
agglutinins were low. The case could not be followed, bnt its blood had been 
inoculated into a guinea-pig and the diagnosis was confirmed by positive conjple- 
incnt-fixation test on the animal. The ease of tick typhus developed a titre oi 
1 : 1,000 for Proiens 0X2 only on the 22nd day of the illness. 

Complement-fixation test. — These tests were carried out by the Base Typhus 
Research Laboratory at Poona, with murine, epidemic and Rocky Mountain 
spotted fever rickettsial antigens prepared hy Lederle Laboratories Division. In 
10 cases the test was positive with murine antigen only and negative with 
others. The serum of the tick typhus case was positive with spotted fever 
antigen only in a titre of 1 ; 40-r-k-k- The differential diagnosis in this case 
was mainly based on the result of tin's test. The results of these tests are given 
in Table I 


Table I, 


Weil-Feli.v and complement-fixation tests of' murine typhus cases. 
(Both the tests done with the same serum.) 


Jlonit of onset. 

Cnsc. 1 

Weii.-Feu.v 

TEST. 

! Complement-fixation 
, test ■vrith murine 


1 

0X2. 1 

0X19. 

OXK^ 

1 antigen.* 

•tunc 1B4G 

M.S. 

l,nno 

125 

50 

40 

)-16 

August. 19t0 

ImiersUy 

5,000 

0 

0 

•40 {4-}- 

>- 9 

A'omnter iCtt! 

T. n. 

500 

0 

25 

20 (4-f 

)~18 

Xovomhcr IfliC 

}). L 

5,000 

0 

0 

40 {4-f 

) -20 

Xovrmber ItUU 

Astley 

ROO 

KKl 

25 

SO (,-5-r 

)-t4 

lleccinter IBlfi 

15. S. 

809 

100 

50 

80 (3-f 

) -28 

.Inmmrv 1917 

L. S. 

,700 

125 

50 

40 (4f 

)-21 

.Inmifiry 1947 

.Tain 

C,7 

.700 

50 

40 (4f 

)-20 

April 1947 

G.S. 

20(4 

1.200 

50 

30 {4.f 

)-I7 

,'4()riJ 1.047 

15, !t 

200 

1,600 

50 

40 (4f 

) -20 


* htffcr.a . — jO (3^-) —10 inc.in* 1 : .j04--;-4 


on t)ie leth (hy and eo on. 
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Isohlion of strams.—Htrains were isolated by inoculating 5 c.c, whole blood 
of the patient int.raperitoneally into a gninea-pig. Three strains were isolated 
from murine typhus cases and one -from the tick typhus case {see Table IV), 


EriDKMTOLOGV. 

General. — Jubbulporo, Seoni and Chindwara are in the Deccan trap where 
the heights are from 1,000 to 3,000 ft. above sea -level. The total annual rainfall 
is 57 inches. The dry and hot months are March to May. The monsoons strike 
in June and 93 per cent of the j^recijjitation is from June to October. The months 
of November to February are cool with moderately high humidity ranging from 
63 to 76 per cent.. The deciduous monsoon forests of Seoni and Chindwara are 
in the Satpura "Range and are rich in wild life, rodents and insectivores. 

Incidence of typhus. — The total cases of murine tyj^hus in Jubbulpore Garrison 
from 1939 to 1946 were 97, out of these 77 per cent were in the winter months of 
November to February. Scrub tyjdius cases during these eight years were 22, 
chiefly in the monsoon period, Tick typhus appears to be a rare disease in spite 
of the abundance of ticks. 

Insect vectors ; Rat-fleas. — Jubbulpore town maintains a high rat population 
with a high flea index. Thirty rats were trapped in November, 253 in February 
and 164 in April. The total fleas recovered from these rats were 4,664. The flea 
index in these months was 4 '9, 14 '0 and 5 '5 respectively. From this collection 
135 fleas picked at random were identified ; of these 74 per cent were X hraziliensis 
and 23 per cent X. cheopis, four fleas remained unidentified. In the Cantonment 
area 15 rats were trapped in the month of Novembei- and only five had a few fleas 
on them. No fleas were found on the fore.st rats. 

Tichs . — ^As vectors of typhus our direct concern are ticks present on low 
vegetation for those are the ones that are lilcely to httack man. Therefore, greater 
attention was directed to their scatter on the ground rather than to their distrilni- 
tion on animals. 

A white woollen cloth 5 ft. by 2 ft. attached to a long pole was trailed on the 
ground and over low vegetation. To get comparable results for different areas 
the flag was trailed for a known period eA'-ery time and the figures reduced to a 
30-minute trailing period. Thus, large, areas were covered ajid representative 
random samples of ticks were collected. The method Avas particularly useful for 
sm’A’-ej'^s of forest areas AAdiere the only other alternative of examining Avild animals 
was not practicable. )Sometimes a large number of seed ticks was found on a space 
of one to two inches on the flag, indicating the presence of small clusters on the 
vegetation. These clusters were the greatest drawback in a quantitath^e compara- 
tive survey, but the error was reduced by coA’-ering large areas. Some of the 
observations made in these surveys Avere as folloAvs : — 

In Seoni and Chindwara area the villages were scattered in forest clearings. 
The ticks were mainly localized in the cattle-sheds, very thinly spread out oA’-er 
the fields but the density again increased in the surrounding forest which was used 
for cattle-grazing. In a wild-game forest the ticks Avere more or less uniformly 
spread out over the main part, with a gradual decrease towards the periphery. 
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Taking roiiglily eijual arcan there Averc wore ticks in o. wild-game part of the forest 
than in the part used for grazing. 

The hank.s of forest lakes, wlrere game tracks leading to them could he observed, 
had far less ticks on the grass near the rvatcr-edge than on the drj- grass and bushes 
a few yards away from the water-edge. The Imshes in a more or less marshy 
ground were not preferred liy ticks. In the same area less ticks were caught 
immediately after the rain than hcforc it. A drj^ day was more suitahlc for a survey 
than a wet one. 

At Khamaria near Jnbhulpore. a large nmnlmr of ticks was collected from 
vegetation in January. In the beginning of Jfay, in the same place, no ticks were 
found in one attempt and second time a few were collected from one or two bushes 
at one spot. In Itiikliar forest near Seoni in the beginning of Jlarcli as many as 
440 ticks were collected in one hour, but in Jlay' only 5 ticks were found in one hour 
in the same area. In Chanda forest in Jlay, there was no catch in one hour. This 
forest was not surveyed earlier, ))ut according to the staff of the horesb Department, 
it is heavily infested during the rains and after. It appears that the tick density 
in these forests increases during the rains and is maintained throughout the mild 
winter but is rapidly lowered in the hot and dry summer. There is no evidence 
of winter hibernation of ticks in these parts. 

Identifications of a random sample of 235 tides are given iii Table 11. 
Boophylm australis was the most common tick in game forests, fields, as well as 
on domestic animals. 


Table JI. 

Genera of ticks collected from different sources. 


iSoiircc. 

Total. 

lioophijhts. 

HyaJovia, 

llhiptKphatnf, 

1 

HmnapJiysalis. 

Animals 

177 

ir,ii 

, j. 

, JA ■ 
) 

” i 

.1 

I'mltb' 

rs 

19 

1 

a 

f) 

1 'orol s 

aa 

1 

rr. 

i i 

1 i 

f) 


J/dr.v.- .Ohimlwara forest was surveyed for mites and their liosts in November 
ami Dw'omber, and Jublnilporc sulmrbs in .Tanuary. Thirtv-.si.v traps were sot 

evorv evomng, with the .same bait and by the .same persons. covcrim<- roimhlv 
equal arciis. *= 

In Chimiwara. over the greater pari of the forest, there were more rat.s than field 
uuee. exeepf m one area ne.,r f>mghori. Here the field mice {Mus phtyfhrU Ecnnet 
prodmmnated rat.s, the. ratio homg -I'S : 1, and most of the. catches were, in imshes 
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near streams or ponds (see Table III). Eighty per cent rats, 86 per cent 
field mice and 63 per cent shrews were infested with larval mites. Three Tatera 
tndica caught had no mites on them. There were more mites on catches in thick 
grass and stream banks than in the fields. Eair-sized clusters were.present in the 
ears and ^ considering the off season the infestation was considered heavy. 
T. deliensis iTalch was the predominant species and formed 70 per cent of the 
total. The rest of the species have not yet been identified. 

In Jubbulpore suburbs, 27 rats out of 93, i.e. 30 per cent, and 2 out of 6 shrews, 
were infested with mites. There were no T. deliensis on shrews, while on rats it 
was not the predominant species. 


Table III. 


Showing the relative density of rats, field mice and mites 
in different vegetation types. 


Vegetation t 3 'po. 

Bats. 

1 

Field mice. 

Mites. 

Cultivated fields ... 

3-1 

1-3 

4-6 

Thick grass 

4-3 

0 

7'0 

Banks of streams and ponds ... 

1-0 

. 

4-0 

7*0 


Legend . — The rodent calculation was average per night catch. The 
figures for mites wore arbitrary counts of 1 to 3, depending on the 
size of the cluster. 


Isolation of strains prom insect vectors anb rodents. 

Rat-fleas. — A total of 4,002 fleas from 257 rats trapped in Jubbulpore was 
examined in 8 batches. Two strains of rickettsia were isolated. Every batch 
was a mixed pool of X. cheopis and X, hraziliensis. 

Ticks. — Twenty-tliree batches of ticks were examined and one strain of murine • 
rickettsia (‘ 0 ’ strain) was isolated from a batch of B.oophyhis anflmlis.^ This 
strain is described separately at the end. No strain of tick typhus rickettsia was 
isolated. 

Mites. — No infection was discovered in 20 batches of mixed pools of T. deliensis 
and other species. 

Rats. — ^Twenty rats from Chindwara were examined for R. orientalis infection 
and one strain was recovered. No rats -were examined for rnurine infection. 

Field wfee.— Six mice {Mus plaiylhrix Bennet) were examined and one strain 
of R. orientalis was recovered. 



S. L. Kalm and K. N. A. Eao. 


379 


Three shrevrs and t\ro Taiem indica were also examined for R. orienialis but 
showed no evidence of infection. 

Table IV. 


Shoiving the source, number and type of strains isolated ; also the 
reiitVs of complemcnl-fixation tests with guinea-pig sera 
on the iQtJi dag after inoeulalion . 


Source. j 

! 

1 

I 

Number* 

i 

Strain, i 

! 

1 

^ 

Type. 

Colin.EMEST-nXATIOK TEST.* 

ER. 

MR, 

RMSF. 

1 

/ 

A 1 

Tick typhus : 

0 

0 

30 (4+) 



B 

Muriuc 

0 

20 (3+) 

0 

Typhus cases ... j 

4 


1 

1 



1 



Murine 

0 

80 (4+) 

1 0 

i 

L 

D 

Murine 

0 

80 (4+) 

: 0 

j 

1 

r 

J 

Murine 

0 

20 (2 + ) i 

i 0 

Fleas ... : 

- 



1 




1 

X 

Murine 

0 

, 40(2+) 

1 0 

Ticks 


0 

1 Murine 

! 0 

1 40(4+) 

! 0 

Rats 

! 1 

1 


1 i?. oricntalis 


i 


Field nvico 

i 1 

t 


It. orienialis 

— 

- 

... 


• Lejenrf.— EH, MR and RMSF are respectively epidemic, murine and Rocky Mountain 
spotted fever antigens. 


Course of infection in experimental animals. 

Murine typhus infection in guinea-pigs. 

General reactions.— The reactions were the same with strains from trphus 
cases as well as fleas and M'ere typical of these rickettsia. The incubation period 
varied from 3 to ID days. Tlic temperature in most of the anunals showed two 
peaks; i ho first, sJiort and sliarp, preceded the main rise bv 2 to 9 days • others 
had only one rise lasting from 5 to 9 days. Tin’s variation was not characteristic 
of any particular strain. The scrotal reaction was a ‘ tunica reaction ’ and followed 

"! duration. It was present in the inaiority 

of .nmnials, but was not produced consistently liy any strain. Adhesions in the 

i'” animals, but a sticky exudate was present h 

all of them, llnrcly htemorrhages were present under the muscle-sheath of thi^h 
pectoral or rectus muscle, and tiny liamiorrliagic spots on the bladdor-wall. ’ 

Appearance of the rkhcltsia .—The smears were stained with ^lachiavcllo stain 
Bacillara- type of r.ckettsui was rarely seen, largclv red inciusioriTod ies we^ 
present m vaying sues and nmnhers in the evtopkasm of the cells So maf Z 
ceils had a distended appearance, the cytoplasm was vacuolated and tl rvaLok 
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iilled with large piulc granular bodies which may be micro-colonies of rickettsia. 
In a few animals only blue inclusion Ijodies'were seen, similar to those mentioned 
by Sacha (194:6) in epidemic typhus. 

Serology. — ^There was seldom any rise of Proteus agglutinins in guinea-pigs, 
but the complement-fixation test was always positive, with murine antigen only, 
in all animals that reacted with fever. The results are given in Table IV. 

Two strains, D and N, one from^a patient and the other from fleas, were 
successfully maintained in white rats for over two years which is an indirect evidence 
that they were murine. 

Ttch typhus infection in guinea-pigs. 

The first guinea-pig was inoculated with 5 c.c. blood of the patient (Abdul 
G-affar), taken on the eighth day of the fever. The incubation period in the first 
three animals was 19, 15 and IS days, respectively. The general and tunica 
reactions were of the same nature as in murine infection, the only difference being 
the marked redness of the foot-pads and later desquamation, but no necrosis. 
Rickettsia in the form of red inclusion bodies as well as bacillary t 3 ^pe were seen 
in tunica and peritoneal smears. The strain, however, gradually died out in 
guinea-pigs. The complement-fixation test on the serum of an anima.l in the 
second pass, on the 40th day, was positive with spotted fever antigen in a titre of 
1 : 30-f--| — h+ and negative with epidemic and murine antigens, 

Scruh typhus infection in white mice. 

The mice showed all the signs of R. orientalis infection and typical rickettsia 
in the peritoneal smears, both with the rat and the field mice strain. Blue inclusion 
bodies (Giemsa stain) were seen in the peritoneal cells in the first animals in both 
the strains. The strains died out in the 4th passage, and although blind passes 
were carried out for eleven generations, they could not be revived. 


Natural infection of murine typhus in ticks. 

Ticks {Boophylus australis) w^ere collected from bushes near a Blilitary camp 
close to the Aullage of Khamaria about 10 miles north of Jubbulj)ore and inoculated 
into a guinea-pig. 

Reaction in guinea-pigs. — The incubation period in the first gnimaJ was 10 
days and in the second pass two. and four days. Later, it was passed for three 
successive generations through white rats and then Imought back into a guinea-pig. 
The incubation period in this animal w'as fifteen days, but six subsequent passes, 
fn guinea-pigs again reduced it to three or four days. 

The tunica reaction lasting for varying periods of 3 to 6 days was present 
from the very beginning and app)eared in all tbe male animals inoculated. The 
temperature, post-mortem appearances and morphologj^ of the rickettsia were 
similar to other murine strains. 

Out of the two animals in the second pass one was bled on the 11th day, its 
serum agglutinated 0X19 1 : 400. The Weil-Felix reaction in all the other animals 
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inoculated with this strain was negative. The positive reaction xn one anunal 
was apparently an exception due to animal variation and not due to any particular 
property of the strain. The other in the second pass was bled^on the_ 12th 
day when its complement-fixation test was negative, but pn the 27th day it was 
positive 1 ; 40+4-++ v’ith murine antigen and negative with spotted fever 
antigen. 

Reactions in a monltetj.—A female monkey, M. mdklus, was given a subcuta- 
neous injection of the virus from a guinea-pig. By the third day a hard and 
indurated lump developed at the site of inoculation which gradually subsided and 
disappeared on the 10th day. The fever started on the 13th daj’ and lasted for 
5 days. 

The IV’cil-Felix reaction Ixecamc positive on the 15th da)' in a titre of 0X19 
1 ; 1(30. 0X2 1 : 20 and OXK negative. On the 22nd day the 0X19 titre came 
down to 1 ; 80, where it stayed for four weeks before it fell below 1 ; 20. The 
complement-fixation test was positive for the first time on the 22ud day in a titre 
of 1 : 20++ with murine antigen ; the maximum titre of 1 : 160++ was reached 
on the 57th day. The blood was still positive on the 102nd day in a titre of 
1 ; 10++. Throughout this period the serum remained negative for Roclry 
Jfonntain spotted fever antigen. 

ImmuniUj tests {see Graph 2). — Two guinea-pigs immunized with ‘ X ’ 
flea strain and two immunized with this strain gave complete cross-protec- 
tion. One animal recovered from an infection of a murine strain from a 
patient in Jubbulporo was also completely protected ; while another recovered 
from tick typhus infection from the patient strain (Alidul Gaifar) did not show 
any protection, Four controls, two each with the flea strain and this strain, 
reacted normally. 

i 

Three guiuea-pigs were immunized with three weekly subcutaneous l-c.c. 
doses of combined epidemic and murine vaccine of Connaught Laboratories. One 
animal was female and two males. The challenge dose with this strain was 
given intraperitoncally ton days after the last dose of vaccine. The female 
showed no reaction ; in one male the temperature touched 103'0'’P. on two 
days only but the tunica reaction did not develop, in the second male the 
temperature touched 103 'b^F. and 103'3'’F. on two days but the tunica reaction 
developed and the testes remained adherent for 5 days. Three controls, one 
female and two males, which received their challenge dose from the same material, 
gave a full reaction. 


Quo may conclude from the above that with the local murine strains there was 
coinploto protection ; while of the vaccinated animals one showed complete protec- 
tion and tJie two only a partial protection. 


Lcivthwaitc c( at. (1936) failed to infect /X andenoni and R. saiunnncus ticks 
\ other hand, Zinsser and Casteneda 

Lv‘! ViT*'- ‘4. ' ■ I - ‘ , • Octoconter mtais and Ambhjoma species 

b) rectal injection after wliich the nckett-sia remained alive in these ticks for at least 

“p ^ ^ '‘'■”0 ^oond infected in nature with murine 
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Graph 2. 



Gkaph 2. — Showing protection tests on guinea-pigs with murine strain isolated 
from ticks and other strains. 

Guinea-pig Nos. 1 and 2. — ^Immunized with murine strain from fleas. 

,, ,, 3 and 4. — Immunized with murine strain from ticks. 

„ No. 5. — Immunized with muiune strain from patient. 

„ „ G. — Immunized witli tick t 3 rphus strain from patient. 

,, Nos. 7, 8 and 9. — Protected with combined epidemic and murine vaccine. 

„ 1, 2 and 5 to 9. — Given a challenge dose of murine strain from ticks. 

,, „ 3 and 4. — Given a challenge dose of murine strain from fleas. 

, „ 10 and 11. — Controls of murine strain from fleas. 

’ 12 to 16. — Controls of murine strain from ticks. 
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Proteus aggluliitins in animals. 

In a scarcli for animal reser\mir of tick tj^phus tlie sera of 51 slieep, 58 goats 
and 26 dogs were examined for tbe presence of Proteus ag^Mums. lire sera o* 
2 slieen, 6 goats and 8 dogs agglutinated 0X19 or 0X2 in a uilution of 1 ; 160 
or over. The complement-fixation test with murine and spotted fever antigens 
on two of tlicse goats and one dog gave negative results. It is considered tlia 
Weil-Felix reaction is unreliable for a study of this nature. 


D1SCU.SS10N. 

Murine typhus. — Cross-protection tests between strains isolated from patients 
and fleas were not carried out. There was, however, enough evidence that the 
disease was present in the area. The season was November to February when the 
climate was cool and humid and well suited to the fleas. In the Cantonment the 
cases were rather few, also the fleas were much less than in the town. On the other 
hand, in the town where the flea index was high and infection was present in the 
fleas, there was no report of any case. This can only be attributed to missed 
diagnosis, due to unawareness of the presence of the disease and lack of laboratory 
facilities. 

The possibility of ticks conveying murine typhus becomes an open question, 
as they were found infected in nature in this area, although their i-ectorship was 
not proved. One case of murine typhus (Lieut. -Colonel Indersby) (sec Table II), 
resident of tlic area where these ticks were collected, gave a definite liistory of 
tick-bite eight days before the fever. This, of course, may be regarded as an 
indirect evidence or a coincidence. 


Tich iypJiits.~The only case of tick tjqilius gave a positive coinplement- 
fixation test with Rocky Mountain spotted fever antigen in a diagnostic litre. 
The Base Typhus Research Laboratory at Poona had received other sera from 
many parts of India which gave fixation with this antigen, but this is rather 
insuilicient evidence to say that these cases were simil.ar to Rock}’" Jlountain 
spotted fei'cr. The disease in India is probably mild as compared to tjqiical 
s))otted fever and produces a mild infection in guinea-pigs, also the strains are 
difficult to maintain in this animal. The positive comjflement-fixation with spotted 
^c^'or .an(i"cn may only be a cross-fixation as obtained in Boutonneuse fever. 
Therefore, so long as the complement-fixation tests arc not carried out with highly 
purified washed antigens of spotted fever along with a similar antigen prepared 
from the local strain, and as long as strains in India are not compared with strains 
of spotted fever, the disease here may be provisionally called ‘ tick tj-phus ’. 

Srnib li/phus.—Jhc scrub typhus strains were isolated in the winter months 
and died out in white mice. This was contrary to the experience with strains 
isolated in Imphal and Kumaon hills during the scrub tj-iflius season. It is well 
Imown that some strains do not show any evidence of infection in the ‘Itii to 7th 
lias.sagcs but arc revived in later ]iass.ages. It is possible that towards the end of 
the .reason, when the infection in the rodents is dying out. the rickettsia are nartiallv 
attenuated and may not revive. ^ ^ 


Blue inclm;imi bodies were present in peritoneal smears in white mice tint 
received material from nature. Previously, Kalra (1947) had obserr>ed similar 
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bodies but staining red, wliicb from the evidence available were J^elieved to represent 
a pliase in development cycle of tlie rickettsia during the stage of adaptation to a 
new host. Whether these inclusions were of a similar nature was not possible to 
say. Further observations on the points i-aised above are needed. 

SUMMAEY. 

1. The different typhus fevers of Jubbulporc area, their clinical symptoms, 
laboratory diagnosis, epidemiology, and animal reactions with tlie strains isolated 
arc described. 

2. A strain of inurine typhus rickettsia was isolated from ticks, Boophylits 
auslralis, collected from bushes in the suburbs of Jubbulporc. 

Major J. H. Stiirat of the Base Typhus Besearch Laboratory, Poona, carried 
out all the com])lement-fixation tests. Captain S. P. Varma co-operated in the 
clinical work. The mites were identified by Dr. Charles D. Eadford and the rodents 
by J. Jj. Harrison, both of the British Museum. Jjieut.-Colonel M. L. Ahuja read 
the manuscript of this paper and made many useful comments, particularly in the 
arrangement of the text. We are grateful to all of them for their help. 
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[From the G.H.Q. (/.) Field Typhm Research Detachment, India.] 

[IlcciMvoi! for piiWicafion, June 20, 1049.] 

l^rxAPSiNfi FFA'ER had remained imrccogniy-ed iu Kashmir ))ofore Februarv 
194S, althougli on iiiqniries indirect evidence was collected of its previous presence. 
There wa.s a belief in .some ])ai’ts that the bite of Ornithodoriis ticks causes malaiia. 
.Some local doctors used to resort to intravenous arsenic therapy with good results 
in cases of clinical malaria intractable to quinine. The widespread occurrence 
of the disease and the vector also point to old endemicity. In all likelihood it had 
been confused •.vith malaria due to resemblance of symptoms, no case fatality, 
and 5 )articulaiiy lack of laboratory aid in diagnosis. Moreover, ticks of Ornithodoriis 
species had not been recorded from these parts. 

In February 1048 cases of relapsing fever were first reported by Lieui. -Colonel 
Lobo iu troops stationed iu .Tammu province. In ^farch 1048, five cases were 
microscopically diagnosed in ]icrsonnel stationed at Drugmula in Kashmir valley, 
'i'lio patients Iiad no lice on their body but all had slept in a particular room of 
a building. 'I’wo Ornithodorus tick.s were found on searching these room.s. These 
lick.s, when fed on a guinea-pig, infected it with spirochates morjfiiologically resem- 
bling those seen in the Idood of casc.s. Starting with this evidence, a survey of 
the greater i)aTt of the State, for diflerent .spccie.s of Oniithodorus ticks, was earned 
out. Observations on bionomics of ticks and cpidcmiolog}- of tlic disease were 
made for oijo year. Tlic disease and its therapy were studied by Captain S. Iv. 
Chopra and is reported sep.arately. 


SriTiEs .\xn THExn biokomics. 

Three species of 0 . crossi. 0. hhnremis and A. persicas were found in Jammu 
and Kashmir. 
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Tick-Borne Belapsing Fevei' in Kashmir. 


0. erossi. 

Habitat ami hosts . — Tliese ticks were universally distributed over Jammu and 
KasliTnir. They had a definite association with cattle, sheep or goats and were 
found in any house or hut where these animals were housed or had been quartered 
at any time. They were also collected from the oiit-houses of dak bungalows 
and houses, where the presence of faecal remains showed that sheep or goats had 
been kept there at some time. They were never found in horse or mule stables. 

In summer months the largest numbers were present in the floor dust, parti- 
cularly near the walls, dark corners, loose dust around the wooden roof -props and 
rat-holes ; lesser numliers were found behind the mud plaster on the walls. The 
density in the walls decreased from floor upwards, and very few were found above 
heights of 4- feet. The next common hiding place was cracks and dust on the 
window-sills. The ceilings were not examined. In winter the situation was 
reversed and more took shelter in the walls behind the mud plaster than in the 
floor dust. In ‘ gujjar ’ huts where the ventilation was poor and the room 
temperature, due to animal lieat and a constant fire, ranged from 21 °C. to 25°C, 
even when the outside tem])erature was 2°C. or beloAv, the ticks were seen roaming 
on the floor near the cattle. There was no evidence of winter hibernation in 
such places for 60 to 70 per cent were freshly engorged in all weekly collections 
from December to end of February. 

Throughout the year one never saw them on animals, but indirect evidence 
was obtained of their parasitizing cattle, sheep and goats. Their frequent presence 
in rat-holes suggested feeding on this animal also. The association of 0. thohzcmi 
with rats in Cyprus has been suggested by Gambles and Coghill (1948). The dried 
blood of 29 freshly engorged ticks collected from houses in Kashmir valley was 
examined hy Lieut.-Colonel S. D. S. Greval. He reported that 6 gave positive 
precipitin tests for sheep or goats, 9 for buffalo or cow and 12 for both the groups. 
Two bloods were negati^'e for these animals and also did not react irith anti-human 
or anti-fowl serum. These two could have only fed on rats. In the laboratory 
they readily accepted feeds on a white rat, gui)3ea-pig, rabbit, nronke}'-, goat, sheep 
and man. 

Wheeler (1938) had noted that in nature ticks sometimes suck blood from 
other ticks. To confirm this a freshly engorged larvae wa.s kept with an unfed 
one in the same tube. In a few minutes the latter started sucking the blood of 
the engorged one who died afterwards. Similar parasitism was observed twice 
again with nymphs. In one case two first instar nymphs were trying to suck blood 
from a full-grown engorged nymph. 

Feeding habits . — A starved tick seldom wandered on the animal but settled 
down to bite wherever it was dropped, this was particularly so with larvae and first 
instar nymphs. The feeding time Amried Avith different ticks and AAOth the same 
tick on 'different occasions. " The range of time taken to finish a feed was from 
11 minutes to 10 hours, but OAmr 50 per cent always finished in less than one hour 
irrespective of the host (see Table I). The following times in minutes were taken 
by two ticks during different feeds on guinea-pigs : — 

First tick--ll, 21, 41, 119, 321, 12 and 25 minutes. 

Second tick— 18, 26, 24, 21 and 105 minutes. j 
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Showing percentage of iiclis [nymphs and adults of 0. crossi) fimshng a 
feed at different times on different animals. 
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Bile marks . — In one trial on one of us, there was no sensation or hurt when 
the tick started biting or during the time it remained sticlcing. Wien it detached 
itself the mark left behind was dusky red in colour with a dark centre 3 mm. in 
size. Next day the colour was darker red, a small papule appeared in the centre, 
the base was indurated and there was mild induration off and on. From the 
third day the colour began to fade and the induration was on the decrease. On 
the fifth day there was a light-dark circular mark, which gradually faded and 
completely disappeared on the 10th day. The presence of bite marks on a patient 
will naturally depend on the incubation period, which is variable and can lie more 
than 10 days. 


Effect of light and tcmpcraUirc.~-h\ general all stages of ticks had the tendency 
to move .away from the direction of ligJit, e.vcept a starved tick which sometimes 
wandered facing the light. To study the effect of temperature the e.vperiments 
were c.arried on last instnr nymph.s .and .adults of 0. crossi a week after feedint^. 
Fine dust was sjwcad on the floor to imitate the n.atural liabitat. The room 
femiieraturc was controlled with a ‘ Bukhari ’. The tick was left on the floor 
its track was traced with a pencil, .a thread was taken over the track and measured’ 
In the first experiment two difTcrent b.atchcs of 5 ticks each were tried at 10°c' 
and ‘MfV The average distance covered by a tick in 10 minutes was 3,0 inches at 
10 C. and 051 inches at WC. As the .speed of different ticks v.aricd, in the next 
experiment the movements of the same 6 ticks, were recorded at different tempera 

(w Tahlc'ni)’"'''’'* increased with the rise in temperknre 
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Tabi,e ITT. 

Average (Ustance in inches covered by a tick in 
10 minutes. 


Tempemf iiro in °0. 


i^iscance, 1 

O 

i 12 ■ 

J 

i ' 

in 

20 

27 

Original course 

2-7 

41-2 

] 

ec -2 

70-4 

80-2 

Straight distance ... 

2-0 

30-0 

69-2 

69-5 

67-3 


Next tlie speed of 16 ticks vras measured, before and immediately after 
engorgement, at room temperature fluctuating between 20°0. and .22°C. The 
average distance in 10 minutes covered by a starved tick was 74-5 inches and 
after a feed 54 inches. The course followed by a tick was not very zig-zag and 
on an average the loss from a straight distance was only 13 per cent. 

Six ticks were kept in a bare Petri-dish and another five in a dish with its 
surface thickly covered witli dust and grass. Both wore ex])osed to direct sun when 
the temperature was 42°C. The ticks first became agitated and then motionless. 
In the bare dish all died in 3 minutes, in the second dish all vere motionless in 
15 to 20 minutes, but two revived after an hour in shade. 

To know' whether a tick w'ill bite at low temperatures, 7 starved ticks w'ere 
left outside in a test-tube for some minutes when the atmospheric temperature 
was betw'een 3’5°0. to 4°C. and then dropped on a guinea-pig. Three were stuck 
in 3 minutes, 2 after nine minutes and 2 refused a feed. For control 7 ticks 
from the same batch w'ere put on a guinea-pig inside the laborator}', where the 
temperature was 20°r‘. Six w'ere stuck in 3 minutes and one refused feed. It 
shows that although the movements of a tick will be slow at very low w'inter 
temperatures of Kashmir, but if it reaches a host it w'ill bite, if hungr)'. 


0. lahorensis. 

This species w'ere as w'idely distributed as 0. crossi and their summer habitat 
was also the same. Sheep were the selective W'inter hosts and all examined w'ere 
found infested wdth 0. lahorensis, from December to end of February, i.e. the 
time W'hen they are sheared. Only once they were seen on a cow kept in the same 
room with sheep, but they w'ere never seen on a goat. All the ticks collected 
from sheep w'ere in different nymphal stages. The adults and engorged last instar 
nymphs were once found on the w'alls of a sheei^-pen. 

It did not appear to attack mfin readity for out of many attempts to make 
them feed on us only one succeeded. Amongst the laboratory animals it preferred 
rabbit to any other,' probably because of the former’s long soft fur. 
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Bite marhs. — A. recently moulted nymph attached itself on one of us on the 
lateral side of the finger near the base. It remained sticking for four hours, 
although after half an hour it appeared fully engorged. There was no sensation 
when it started to bite but later there was mild irritation, particularly during 
the first half hour. On detaching, it left behind a round dark-red mark, 5 min. 
in size. During the night there was some local itching. Next daj’-^ the red mark 
had faded but there was an inflammatory area around it with an indurated base. 
The entire longitudinal half of the finger on the side of tick-bite was benumbed 
with loss of sensation to light touch. 

Second day a tiny pus-point appeared at the centre, numbness was still present, 
the inflammatory area and induration had increased and the morm’ng body 
temperature was 99-2°F. Third day the numbness was less, swelling became 
localized, a vesicle 7 mm. in diameter appeared but the bodj*- temperature was 
normal. Fourth day there was no numbness and swelling. The vesicle gradually 
subsided on the 8th day, leaving behind a thick, firm, darlc scab which separated 
off on the 2oth day. Similar marks were seen on 6 persons in the whole of the year 
but none of them developed relapsing fever. 


A. persicus. 

Argus persicus was present in most of the fowl-houses examined. It refused 
feed on man or any laboratory animal except fowl. 

Dispersal of ticks. — 0. crossi was chiefly a domestic tick and its disposal from 
one place to another appeared to be more by human agencies than through animal 
sources, The animal sheds in Kashmir are not cleaned throughout the winter 
but get a thorough cleansing on the approach of spring. All the rubbish removed 
is dumped in any oj)en space in the \dllage and the ticks in it gradualh’’ make their 
way back to the nearest houses. The other common observations reported by 
Army personnel were : (a) that they were carried in bedding ; (b) thatt hey were 
brought along with the dry hay bought from civilian houses for use as bedding 
in bunkers ; and (c) that they reached a new building when a part of the material 
for its construction was taken from an old destroyed building. 0. hhorensis gets 
transported even to distant places in winter on sheep. 


Infection in ticks and mode of infection. 


No spirocjicrtes were seen in the tissues of 0. hhorensis and their bite did not 
convey infection to animals. 0. crossi was not only found in all the places where 
cases of rck]ising fever occurred, but spiroejicetes, morphologically .resembling those 
seen in the blood of cases, were also seen in their crushed tissues and their bite 
infected laboratory animals. The infectivitv of an individual tick was irregular 
ns already pointed out by Davis (1913), and the spirochwtes were not transmitted 
by every bite. 


T he mode, of infection was considered to be directly through the bite and not 
by the contamination of the puncture made by the bite with the coxal fluid or 
fieccs. Out. of more than a 3,000 feeds, only in two cases the coxal fluid was 
discharged while the tick was still attached. Jloreover, coxal secretions of 70 
Iciiown iiiieded ticks w-erc e.xamined microscopically and of 24 infected ticks 
wore inoculated m to white rats and white mice with negative results. The fieces 
are ruled out. for the same were never seen discharged on animals during feeding 
b MU 
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Sl'UDIES WITH spirochwles from ticks and relapsing fever cases. 

^ The bloods of random samples from stock colonies of guinea-pigs, white rats and 
white mice were examined but no spirochccles were seen in any. Nymphs and adults 
were used for transmission by feeding them on animals. To study human strains 
1 c.c. to 2 c.c. of blood taken during the febrile stage was inoculated subcutaneously 
or intrapcritoneally. 

Guinea-pigs, wdiite rats, white mice and monkeys [M. mdiatus) were found 
susceptible to these strains, wliile rabbits and goats were refractory. 

Ivfeclion m guinea-pigs . — Fourteen batches of 0. crossi ticks were fed on 
different guinea.-pigs, of these 8 became infected. One animal shouted spiroclmtes 
in its blood on the 9th day and later on 8 more occasions, but did not exhibit any 
fever. The rest had sharji p 5 rrexial bouts after inculcation periods of 5, 5, 7, 8, 8, 

12 and 12 days. The febrile period lasts from 1 to 4: days. The relapses were 
only 2 or 3 at intervals of 3 to 5 days. The spirochcefes appeared in the blood either 
a day Icefore the first rise or simultaneously with it and often persisted in the 
afebrile period. 

Six animals were inoculated with the patient’s blood. The incubation period 
was 3 to 8 daj’^s, the bouts of fever were 3 to 6 at intervals of 2 to 7 days. 

The comparatively larger number of bouts than that produced by tick-bites 
was probably due to a heavj’- original infection conveyed through the patient’s 
blood. 

Normally, none of the guinea-pigs died of the infection but the virulence was 
enhanced on repeated passages carried over noth infected blood. A strain from 
a case produced two relapses in the first animal, but the temperature never rose 
beyond 103 •5°F. Its 2nd, 3rd and 4th passage guinea-pigs had more definite bouts 
of fever, while the 5th and 6th passage ones died of it. In the last two the spiro- 
chceles were seen in smears from liver, spleen, lungs, kidney and bone-marrow of 
long bones. 

Infection in ivhite rats . — Six batches of 0. crossi were fed on white rats. Five 
animals showed spiroclicctes in their blood after 6, 6, 7, 9 and 13 days, respectively; 
but there was no sign of illness or rise in temperature. The bite of one tick was 
enough to convey the infection. Seven rats were inoculated with infected human 
bloods. The spiroclicctes were first seen in their blood after 2, 3, 3, 3, 4, 5 and 

13 days. A strain was recovered from the spleen of one rat a month after the 
disappearance of the spiroclicctes from the blood. None of the rats died. 

White mice were successfully infected with infected blood but did not die. 
Their body temperature was not recorded. 

A female monkey {31. radiatus) was bitten by 36 ticks. The first rise in 
temperature occurred after 18 days and was followed by two relapses at intervals 
of 4 and 14 days. 

A goat was inoculated with heavily infected blood from a relapsing fever 
case. During an observation period of one month, the temperature remained 
normal and no sviroclicetes were seen in the daily blood smears. 

Cross-protection tests in guinea-pigs . — The experiment was carried out with 
■ two strains, one from a patient and another from ticks. Three animals were first 
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inoculated with tho tick strain and re-inoculated with the human ^ 

treated in the reverse order nnd one received the same human strain both tunes. 
The re-inoculation was done when the blood had been negative to one month a ter 
the first inoculation. There was only a slight evidence of partial mmnmty, to 
re-infection always occurred, though on the second occasion the sptrocJiwtes 
disappeared from the blood rather earlier (see Table ). 


Tabuk IV. 


Showing the results of the cross-prolection tests. 
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The above c.vperiments on guinea-pigs either prove lack of development of 
immmiity or lack of specificity in the spirochale species. On this subject, Nicolle 
and Anderson (1928) and Brumpt (1939) had disputed the concept of species unity, 
Init Davis (1912) found an escape from the previous criteria and suggested that 
‘ each species of Ornithodorus that is a relapsing-fever vector carries a spirochcele 
that is tick host-specific and tiiis host-specific relation offers a more accurate 
approach to the differentiation of spirocheilcs than any of the several criteria 
heretofore used ’. If the idea elaborated by him he followed then the spirochestes 
hero might as well be considered a new species for 0. crossi has not been recorded 
as a vector elsewhere. 

Experiments with lice. — Lice collected from healthy persons were given two 
feeds on case.s of relnj^sing fever when large numbers of spirochertes were present 
in their blood. Aftenvards they were fed twice a day on healthy person^ The 
mortality in bee was rather high and nearly one-third died in nine davs or more 
1 he crushed tissues of dead lice were e.vamined each day and onlv once a spirochate 
was seen m a louse that had died overnight after an infected fkd. Tu-o batches 
of hce were inoculated into white rats 9 and 11 days after the infected feed ■ 
8 batches after 9 . 11 and 17 days into guinea-pigs and one batch after 9 dare 
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into a monkey. None of the animals became infected. Further experiments 
with longer incubation periods are being carried oiit.> 

Eeservoir oe infection. 

The trans-ovarian transmission of spirochmtes in ticks was proved long ago by 
Dutton and Todd (1907) in Belgian Congo, hence the tick itself remains an important 
reservoir of infection. 

The Ijlood of 14 rats trapped in an endemic tick-infested area was examined 
microscopically and spirochreles, morphologically resembling those seen in the 
blood of cases, Avere present in four of them. Therefore, it is quite possible, as 
suggested by Darling (1922) and Moursund (1942), that rats act as reservoir of 
infection. As preAUOusly stated, an attempt to infect a goat was a failure ; moreover, 
25. goats and 50 sheep were examined from an endemic area but no spirochmies 
were seen in the blood of any. Hence these animals, although important hosts of 
ticks, probably do not act as reservoirs of infection. 

In over 90 per cent of the relapsing fever cases the spiroclicBles were abundantly 
present in the peripheral blood during the febrile period, therefore an untreated 
case could act as a temporary though periodic reservoir. This possibility which 
is also suggested by the work of Catanei (1923) was greater in Kashmir where the 
disease was not recogni 2 ed and naturally the cases remained untreated and infective 
for a longer period. Consequently, an untreated case can not only infect more 
ticks but also spread the disease, if he travels during his illness. 

To sum up, new lines of infection in ticks can l)e started by their sucking the 
blood of other infected ticks, or of infected rats, or of a case of relapsing fever. ' 

Epidemiology anp discussion. 

The disease was universally distributed over both the provinces of Jammu 
and Kashmir excluding Ladakh valley and cases occurred in rural areas as well as 
towns including Srinagar and Baramula. The incidence was related to tempera- 
ture and was highest in the summer months of llfay to October (see Table V). 
In winter a bunker cannot be warmed and the locals, in order to conserve 


Table V. 


Showing maximum temperature, va 2 mir pressure and monthly incidence of 
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fuel, do not warm the room but keep their persons warm with a ‘Kangri’. 
The low temperature of the room will reduce the actmty of the tick and lower 
the incidence. 

Two species of Ornithodorus were present but, for the reasons given below, 
it is considered tliat 0. crossi was the only vector. It attacks man more readily 
than 0. hhorensis. It was more abundant during the period of high incidence. 
Infected specimens were recovered from all the places where cases had occurred. 
Its bite mark was quite distinctive from that of 0. hhorensis and resembled those 
seen on the patients. 

Attempts to infect lice were unsuccessful and the high summer incidence was 
also against the louse being the transmitting agent. 


Summary. 

1. Three .species of Orinihodorits v'ere found in Kashmir. 

2. Certain aspects of the bionomics of two species — 0. crossi and 0. hhorensis 
— ^are dealt with. 

3. 0. crossi has Ijccn proved to be a vector of a form of relapsing fever in 
Kashmir. 

4. Experiments conducted u)) to date indicate that the spirochwte in question 
cannot be transnjitted liy lice. 

5. Transmission is effected by the bite of the tick and not through the co.val 
fluid or fceccs. 

6. The cannibalistic tendency of ticks has been observed ; this permits of a 
further means of dissemination of the infection from tick to tick. 

7. The reactions of various laboratory and domestic animals to infection 
with the spirochcries arc discussed ; some evidence that wild rats may act as 
reservoirs of infection has been obtained. 

8. The widespread distribution of the disease was realized by its occurrence 
in the jVrmy personnel stationed in various parts of Kashmir. 


The authors owe thanks to Colonel S. Narain for help and suggestions 
throughout the work, to Lieut.-Colonel S. D. S. Greval, Serologist, Government of 

India, for carrying out precipitin tests on the blood of ticks, and to Dr B C Basu 

Entomologist, Indian Veterinary Research Institute, Muktosar for the identification’ 
of ticks. 
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The ticks mentioned as 0. crossi in the text were also sent to Dr. Glen. M. Kohls of Rocky 
Mountain Laboratory. He thinks that the nomenclature should be 0. Iholozani var. crossi. 
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TYPHUS FEVERS IN KASHSIIR STATE. 


Part I. 

EPIDEMIC TYPHUS. 

BY 

S. L. KALRA, 


AND 


K. N. A. RAO. 

{From, (he G.H.Q. (I.) Field TypJms Research Detachment, India.] 

[Received for piiblication, Juno 20, 19-19.] 

ThR earliest mention of typhus in the i^Ieclical Administrative Reports of 
Kaslimir and Jammu State was in 1894, when a small outbreak appeared during 
spring near Bunji in Gilgit. The record gives no indication of this being an 
exceptional event and the disease had probaldy been present here from a longtime. 
The next incidence was recorded in 1903, and from 1910 onwards the reports were 
more frequent. The biggest outbreak in recent times started in 1943 and was 
extended to 1944, resulting in 2,481 cases and 730 deaths. It spread over the 
whole of Baramula district and the northern part of Anant Hag district, including 
Srinagar. This period coincided with the immigration of or-er 5,000 Kazaks from 
Russian territory. Tliey entered through Zogila pass, came down to Bandipor, 
Sopor and Baramula from where they were escorted to the western borders of the 
State. Quite a large number of them died of fever during this trek. It is 
possible that they were responsible for importmg a fresh virus, for this epidemic 
started during their sojourn and was chiefly limited to the route followed by 
them, roincidcntly, during the .sjune year Bayne-Jones (1948) records a similar 
outbreak of typhus in Iran started by the entrance of Polish refugees from 
Hu.ssia. 

Besides Kashmir valley, outbreaks have frequently appeared in the hilly tract.s 
of Jammu })rovincc and I.adakh valley. .At present it is one of the major epidemic 
diseases of Kashmir. 
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During fclie winter of 1947-48 there were two snicall outbreaks. One started 
in December 1947 in the refugee camps at Baramula and Srinagar and the other 
in March 1948 at village Barari Pathri in Badgam tehsil. The present work is a 
study of these outbreaks. 

1947-48 OUTBREAKS. 

Course of the epidemic . — Most of the refugees reached Srinagar and Baramula 
in the third week of November 1947." The first known case (Rangil Singh) fell ill 
within 3 weeks of his arrival in Srinagar. During his illness he was visited by Ram 
Singh from Baramula, who contracted the disease during his stay and died a fort- 
night after his return to Baramula. Further cases in both these places were 
contacts of these two patients. 

Total cases in Srinagar were 28, confined to 5 families in 3 neighbouring camps, 
whose members were related and paid frequent visits to each other. Lack of. 
contact with other families and camps restricted the further spread of infection. 
Moreover, most of the refugees were from endemic areas and were probably immune 
due to previous infection. In one family of 4 adults and 5 children, only the 
children got tyjihus one after the other. This family had come from village 
Dardpura near Gulraarg where, in an outbreak in 1945, all the adults suffered from 
• it. At Baramula there were 25 cases in refugee-houses and one in the hospital 
staff. 

De-lousing with DDT and ^’■accination of all the refugees was started at the 
end of March, simultaneously at Baramula and Srinagar. This effectively 
controlled the outbreak and prevented its spread in the local population, also no 
case occurred in the refugees after the first week of April. 

In the village of Barari Pathri there were only 10 cases in 3 houses, all at the 
end of March and April. One of these cases, howe"er, was murine tjq)hus. The 
previous outbreak here was in March 1945. 

Out of a total of 62 cases, 53 were adults and nine children. In adults 26 were 
males and 27 females. The fatal cases were 5 males between the age of 30 and 
35 years and one female aged 60 years. All the children survived. The mortality 
in adults was 11 *3 per cent. 

Clinical . — The symptoms given below are a summary of 53 cases in adults 
and 9 in children. 

Adults . — The onset was generally sudden with rigor, aches in the limbs, 
headache and rarely vomiting. The cases were mostly seen towards the end of 
the first week when the face was flushed, eyes were congested and the patient had 
a stuporous look. The tongue was dry and coated, in serious cases covered with 
dark sordes, tremulous and was brought out slowly. Insomnia w^as invariably 
present. Between the fifth and the ninth days the patient was most toxic, mental 
dullness was common ; muttering delirium started in 6 cases, out of which 4 were 
fatal. Generalized eruption appeared during this period in 50 per cent of the cases. 
The rash was discrete, macular, in some cases circumscribed and in others^ the 
margins gradually faded out. It was most marked on trunk and limbs, sometimes 
there were spots on the face and neck also, but palms and soles were always free. 
The staining disappeared during convalescence or even earlier. The spleen was 
soft and palpable in 8 cases and out of these tender in one case ; liver was palpable 
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in one case, but mild jannclice developed in t^p cases. Three cases complained 
of constipation and gastric pain. Slight bronchitis was present m ^ cases. Dea 
ness was complainecf by 3 cases, but probably it was present “ 
generaUv one had to speak loudly to the patient. The fe^r lasted for 10 to 2 
lays and mostly came down by lysis The fatal cases died towards the end of the 
second week. The complications obsen'ed were parotitis in a father ana son , 
anuria in one case for 36 hours at the end of the first week ; and hysteric fits durmg 

crisis in a girl aged 20 years. . 

Children.-ln children below the age of 14 years the disease was very mild 
Tlie onset was more gradual, headaches and aches in the body were much less or 
absent. Hash appeared in one case out of 9, the fever lasted for a shorter period, 
convalescence was brief. Rather typhus was only suspected due to the presence 
of other cases in the house. 

Lahoraionj diag)wsis.~T\\e Weil-FelLv reaction was of tlie same pattern as 
reported by Felix (1933), i.e. high 0X19, low 0X2 and negative for OXK. The 
only exception was one case in which the fimt specmien token m the b^mnmg o 
the second week was positive in higher dilution for 0X2 than for 0X19, but 
subsequently 0X1 9 went up much higher. In three cases the 0X1 9 titre remained 
3 • 80 or below. To find out the basic level of the coramiimty for 0X1 9 agglutmins, 
the blood of 23 contacts who had escaped from infection was examined. Two 
were positive in a titre of 1 .' 40, three 1 : 20 and the rest were negative. 

Complement-fixation tests were carried out with the sera of 23 cases bj' the 
Base Typhus Research Laboratory at Poona ; seven cases were positive in higher 
titre with epidemic than with murine, and 15 were positive with epidemic antigen 
only. One case from Barari Pathri reacted like_ murine tpphns, it was positive 
in higher titre with murine antigen and in Imver with epidemic (Table I) : — 


Table I. 


Wcil-Fclix and complcment-fzaiiou reactions of some of the human sera. 




1 

CO!irPLE5IEXT-riXATION TEST. 

Case. 

, Wcil-l'clix. j 

] \ 



Kpidemic. 





ilurinu. 




; ! 

I 0X10 

t i 

1 0X2 

! 1 
1 I 

20 

1 40 ' 

SO 1 

ICO* 

10 J 

20 

1 

j 40 

80 1 

160 

.S, siiiuli 

I.L’SO 

t 

1 -’0 

1 1 
1 ^ i 

! ■' 

4 

4 

4 

0 


f 

... j 



1’. Kiuir ... 

010 

j 020 

] 

A 

I 

: 4 

-1 > 

J 

4 

4 

0 

... 

... j 

1 

i 

... 

L. Siiigli . . 

so 

: so 

i 

i 3 

i 

•* ♦ 

0 


0 

... 


! 

... 1 

... 

H. Kaur ... 

i.iso 

SO 

i ^ 

! 4 

4 ! 

» 

4 

4 

4 

4 

»> 

1 

2 1 

0 


l.-iso 

' 10 

1 4 

j 

4 

4 ' 

4 

4 

, 4 

4 

2 

i 2 

0 

Miriam . 

.120 


i 4 

\ 

:! 

- 1 

0 


4 

4 

4 

1 



• Diiiitions higher than 1 ; 160 ivcrc not put up. 
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Strains isohied. — The bloods of five cases were inoculated into guinea-pigs. 
Rickettsial strains were recovered from three, while two attempts were unsuccessful. 
Two strains were recovered from lice : one batch was collected from a case at 
Baraniula and another from a case at Barari Pathri. 

Reactions in guinea-jngs {human strains). — There was no febrile response in 

3 out of 43, i.e. 7 per cent of the guinea-pigs'"; but rickettsia were seen in smears 
from these non-reactors and their brain passaged into the next animal produced 
fever. All the three strains were orchitic to Ijegin with but lost this property after 

4 to 7 jrassages. In the first 7 passages the tunica reaction developed in 12 out of 
23 animals. This change could lie due to two factors : (a) that the passages were 
carried out with brain tissue and not the scrapings from the tunica, and (b) that due 
to shortage of annuals young guinea-pigs had to be used in later passages. 

Louse strains. — The two strains isolated were non-orchitic from the very 
beginning, but both produced ascites in 3 to 4 early passages but not later on. 
Silent infection similar to human strains was present in 5 out of 30, i.e. 16 per cent 
of the animals. 

Complement-fixation test. — The reaction in guinea-pigs was variable similar 
to the cases. Even with the same strain some were positive with epidemic 
antigen only and others in higher titre with epidemic and in low titre with murine 
antigen. 

Cross-immunity tests. — The test was carried out between a lice and a human 
strain, using 8 protected and 4 control guinea-pigs with each. The protected 
animals did not react to a challenge dose of the other strain. The four controls 
with the human strain reacted, but one out of four with the lice strain failed to 
show a febrile response. Still one can say that the two strains were immuno- 
logically identical. 

< ^ ^ 

Incidence and mortality in Kashmir. — ^The statistics in the Medical Administra- 
tive Rejiorts of Kashmir and Jammu State (1943-47) are only factual so far as the 
typhus group of fe^'ers are concerned because murine and epidemic typhus are 
grouped under the same heading. This error was unintentional for the presence 
of murine typhus was never realized. However, from the epidemic year of 1943 
onwards the incidence shows a decline (Table III). The seasonal incidence as 
shown by these figures is high in early whiter and spring (Table II) : — 

I 

Table II. 


Monthly incidence of typhus from 1945 to 1948. 


Jan. 

1 

: Feb. 

1 

Mar. 

1 , 

Apr. 

1 Ma3'' j 
i 

i 

June 

July 

! i 

Aug. 

Sep. 

Oct. 

Nov. 

1 d’cc. 

1 

43 

51 

j 

1 

67 

214 1 

1 

11 j 

29 

9 

5 

• 1 

1 

0 1 

0 

93 


The reporting of morbidity in the State has always been more faulty than that 
of deaths, particularly during the most severe part of the whiter. Therefore, the 
seasonal incidence for mid-winter is not true and the mortality rates are higher 
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than actual. According to tlie Administrative Eeports the mortality rate varied 
from 26-4 to 33, while in small outbreaks investigated by indhiduals the range 
was from 2-3 to 18-7 (Table III). The later figures are considered as more accurate. 


Table III. 


Number of cases and deaths from different records. 


.Source. 

Ye.or. 

Cases. 

Deaths. 

Mortality rate. 

Administration Report 

1943 

1,526 

408 

26-7 

.Vdministration Report 

1944 

960 

330 

33-1 

Administration Report 

1945 

127 

43 

338 

.Administration Report 

1946 

320 

91 

28-4 

.Administration Report 

1947 

20 

6 

30-0 

Kaul (1944) ... 


108 

20 

18-7 

.lackson (1946) 

... 

213 

6 

2-3 

Hussain (1946) 


100 

20 

16-8 

Present authors (1949) 

... 

62 

6 

9-6 


Effect of typhus vaccine.— Nine voluntary workers were engaged in de-Iousing 
the refugees in infected camps. Six of them were protected, while three had 
refused vaccination. One of the latter got a mild attack of t}Tjhus. Jackson 
(1945) mentions one mild case in vaccinated persons at Gilgit. but the number 
vaccinated is not given. Hussain (1945) records 16 cases in 252 vaccinated persons 
in Kashmir, of these 6 had one, 9 had two and 2 had three inoculations 
each, but none of them died. As a comparison he mentions 106 cases with 20 
deaths. Vaccine has lieen used extensively in the State since 1944 but the above 
is the only data available, and even this indicates that the vaccine has been of value 
in lowering the mortality. 


COKCLIJSION. 


The outbreak m refugees was typical of epidemic typhus in aU its aspects 
Tlie conditions for heavy louse infestation were favourable due to extreme cold 
lack of change of clothing, lack of fuel and facilities for a bath. The c3<^es w^ 
confined to contacts and the spread was controlled by de-lousing. The symnton^ 
rcsoinblcd epidemic typhus and the strains isolated from patients and liceScZl 
similar to R. proicazcki infection in guinea-pigs. ® reacted 


SUJIMARY. 

A limited outbreak of epidemic typhus is described. The course nf 
epidemic and the symptoms of the disease were. t>Tiical of epidemic t^hls,^ 


the 
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The reactions in guinea-pigs, of the strains of ricTcettsia isolated from cases 
and lice, were similar to R. prowazehi infection. 


The authors owe their thanks to the Director of Health Services, and the 
Epidemiologist, Jammu’ and Kashmir State, for their help ; also to Major C. " 
Speechly of the Base Typhus Research Team who carried out all the complement- 
fixation tests. 
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Part II. 

ADRENO-CORTICAL FUNCTION IN KALA-AZAR. 


The disease kala-azar was so named because of tie dark pigmentation of tie 
skin that is often seen in tlie well-dereloped cases of febe disease (hah = dark, azar 
or jwar = fever). The causation of this increase of pigmentation was, however, not 
fully investigated in the past. It had been suggested that this accentuation of 
pigmentation was possibly due to the increased aetiraty of the nielanoblasts as 
there was other e\idence of hypo-adrenia, but it was also an intensification of the 
natural pigmentation due to the dryness of the skin {Napier, 1943). Also Do (1934) 
had reported the finding of parasitized macropliages in the supra-renal cortex in 
2 out of 26 cases. Thus, thoiigli the adrenal cortex was suspected to be affected 
and thus to cause the darkening of the skin in kala-azar, no information is available 
as to the iunctional status of the adrenal cortex. This is obviously due to the fact 
that the tests of adreno-cortica! function have beeii developed only during the 
recent years. ’ ■ “ 

It was in 19.32-415 that Loeb and his co-workers (Loeb. 1932; Loeb el al. 
1933. 1935) discovered the alteration of the elcctrohdo balance in the blood m 
adrenal insnfticioncy. Since t)ien several tests of adrenal function have been 
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developed that depend upon the changes in the blood and urine caused by a 
salt-poor diet. Of the, tests evolved on this basis, that first described by Cutler 
Power and Wilder (1938) has been found to yield consistent results in the hands 
of different workers and its value recognized in the detection of minor decrrees 
of adreno-cortical disease where significant changes in the blood are often absent. 
In the present investigation of the adreno-cortical function in kala-azar, the 
Cutler-test was, therefore, selected and all precautions to deal with any crisis that 
might occxir in cases with severe adrenal insufficiency were adopted. In addition 
t'o the Cutler-test, the j)lasma-chloride content was estimated at the beginning of 
the test and in' a few cases the effect of administration of desoxy-corticosterone- 
acetate (DOCA) on the chloride excretion studied. In this paper are presented 
the results of investigation of the adreno-cortical function with these tests and the 
results discussed in the light of the clinical features of the cases. 

The Cutler-test consists in withdrawing salt from the diet for a period 
of 52 hours under standard conditions of fluid and potassium intake and measuring 
the chloride or sodium excretion during the last four hours of the test period. The 
patients with adrenal insufficiency respond by excreting urine of high chloride 
content despite the salt deprivation. According to the diagnostic standards of 
Cutler, excretion of over 225 mg. per cent as chlorine or 370-8 mg. per cent as 
sodium chloride in the last four-hour sample of urine indicates adrenal insufficiency 
and an excretion of 125 mg. as (Cl) or 206 mg. as NaCl is a sign of normal function 
of the adrenal cortex ; intermediate values indieate doubtful cases that can be 
diagnosed by further prolongation of the test period and increased administration 
of potassium. 

In these investigations the procedure of Cutler et al. (loc. cit.) is followed in 
detail wdth two modifications : (i) the exact diet as recommended by Cutler could 
not be given. "We selected a diet that was easily available and would suit the 
Indian patient. The mineral content of the diet was not directly estimated, but 
it appears from the charts given by McLester (1914) that the sodium chloride and 
potassium content of the diet adopted 'vs'-as slightly higher than that of Cutler et al. ; 
(n) the dosage of potassium administered was higher. The dosage of potassium 
citrate 'was increased because it was felt that this -umuld bring out slighter degrees 
of d}^sfunction better. These modifications were not really any serious handicap, 
because a series of normal cases was studied in order to obtain the standard values 
for Indians under the conditions of the test. Slightly modified regime of the Cutler- 
test follo-R^ed is given below : — 

First datj : Blood sample collected for the estimation of plasma-chloride 
with the patient in the fasting state. 

Diet : Milk 32 oz., sugar 14 oz., potato 4 oz., fish 6 oz., bread (salt- 
free) 8 oz., banana 1, eggs 2, no salt used in cooking or with food. 

. Fluid intake : ISfo restriction. The patient is encouraged to drink as 
much water as he can. 

Potassium intake : Potassium citrate 2.gr. per pound of body-'weight per 
day, di-vided into four doses and given in the form of a mixture. 
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Second day : Diet as on the first day. Total fluid intake 18 c.c. per pound 
of body-weight. Potassium intake as on the first day. 

Third day : Total fluid intake till 11 a.m., 9 c.c. per pound of body-weight, 
Jifo food or drink after 11 a.m. Potassium salt omitted. 

The patient evacuates the bladder at 8 a.m. and 12 noon and the latter sample, 
i.e. the urine excreted in the last four hours of the salt-poor diet, is examined for 
chloride content. 

The test was performed in a series of 53 cases of kala-azar admitted under the 
care of one of the raters (P. C. S. G.) into the Carmichael Hospital for Tropical 
Diseases, Calcutta. In 51 of these cases the diagnosis of kala-azar was confirmed 
by the demonstration of the parasite as -vrell as b}’’ serum tests. In the other two 
cases the clinical diagnosis of kala-azar was confirmed by strongly positive 
complement-fixation reaction. The controls were selected from a group of cases 
which had been admitted for chronic bowel disease, but were progressing favourably 
at the time of the test. The excretion of chloride as NaCl in the series of kala- 
azar cases and the controls are shown in the Graph and in Table I ; — 


Gr.\ph. 



fOO 200 300 A-OO 500 600 700 

Urine-chloride in mg. per cent on 
the 3rd day of Cutler-test. 
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Table I, 

Residts of Cutler-test in kala-azar cases 
and normal controls. 


\ 

Urinary cliloride 

Number of cases. 

ns NnCl, mg. per cent. 

Knln-az’nr. 

Normal, 

0 to 100 

.0 

2 

101 to 200 

14 

7 

201 to 300 

14 

3 

.“lOl to 400 

8 

0 

401 to 500 

3 

0 

501 to 000 

3 

0 

001 to 700 

2 

0 

Totai,s 

63 

12 


The maximum urinary-chloride concentration in the control group was 300 mg. 
per cent, the mean and standard deviation being 163’0±85*2 mg. per cent. In 
the kala-azar group the mean and standard deviation was 262‘7±158'8 ing. 
per cent ; 16 cases showed chloride excretion well above the highest normal oi 
300 mg, per cent. Thus, 16 out of 63, i.e. 30*2 per cent of the kala-azar cases, had 
shown abnormally high chloride excretion under the conditions of Cutler-test. In 
view of the fact that none of the patients was suffering from diabetes or renal 
disease, conditions that might interfere with the Cutler-test, the conclusion is 
justified that this 30 per 'cent of the cases of kala-azar showed adreno-cortical 
hypo-function. 

On analysing the results obtained in the different stages of kala-azar, it was 
found that the percentage of positive reactions was 25 for the early cases, 30 for 
the moderately advanced cases and 33 ‘3 for the well-developed cases (early case- 
splenic enlargement 2" or less ; moderately advanced case — splenic enlargement 
between 2" and 4" ; well-developed case — ^splenic enlargement more than 4" below 
the costal margin). There is thus a definite tendency for the test to be more 
positive as the disease progresses to a more chronic stage. This is also apparent 
from the average chloride excretion of 437’5 in the early cases and 457'3 mg. per 
cent in the moderately advanced and the well-developed cases of the group of 
Cutler-positive cases. 

If the results are considered in relation to the standards laid down by 
et al. {loc. cit.) positive reaction is seen in 9 (17 per cent), doubtful reaction in 21 
(39-6 per cent), and negative reaction in 23 (43'4 per cent) of the cases, In view, 
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however, of the slight difference in the present regime of the test, it is more accurate 
to compare with our normal standards. 


Plasma-chloride values in kala-azar. 

The plasma-chloride values before salt-poor diet in the hala-azar and the 
control groups were as follows : — ■ 

Table II. 

Aiuthjsis of ylasma-chloride mines in 
kala-azar and normal controls. 

1 Nx'MBr.n or casks. 

Plasia.-i-cliloritle 


a.8 XaCl, mg. par cent. 

Kala-azar. 

Controls. 

471 to 500 

1 

0 

501 to 530 

6 

0 

531 to 560 

6 

0 

501 to 590 

22 

•7 

591 to 020 

14 

3 

621 to 050 

4 

0 

Totals 


10 


Me.'in±8tandard doviatioti 583‘9d;32’4 mg. per 
cent and 594'4d;9'4 mg. per cent for tUe Icnta-nzar 
and the control gronps, respectively. 


In the control series, the lowest figure for plasma-chloride was 588 mg. per 
cent. If this is accepted as the lowest normal value, 43 ’4 per cent of the kala-azar 
cases showed subnormal plasma-chloride values varying between 494 mg. and 
585 mg. per cent. On comparison with the normal values according to the standards 
(560 mg. to 630 mg. per cent) laid down by Peters and van Slyke (1931), it was, 
however, found that in 10 out of the 53 cases, the plasma-chloride values are below 
normal. Also on consideration of the values in relation to the stage of the disease 
it was found that in 1 out of 13 early cases, 3 out of 20 moderately advanced cases 
and 6 out of 20 well-developed cases, the plasma-chloride concentration was below 
the lowest normal limit of 560 mg. per cent. It is known that the plasma-chloride 
values may not be appreciably reduced in all cases of adrenal deficiency,'e.g. Willson 
et al. (1942) obtained plasma-chloride values between 510'9 mg. and 604'8 mg. 
per cent in Addison’s disease, and that there may be a considerable degree of over- 
lappmg between the normal range and that obtained in Addison’s disease. On 
considering the lowering of plasma-chloride values in a proportion of the kala-azar 

J, ME o 
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cases in the light of the positive reactions obtained with the Cutler-test, it is 
justifiable to consider the lowering of plasma-chloride content as due to adrenal 
hypo-function. 


The effect op desoxy-corticosterone-acetate (DOCA) on 

ADRENO-CORTICAL FUNCTION IN KALA-AZAR. 

Willson el al. {loc. cit.) reported that patients suffering from Addison’s disease 
who were having DOCA through the procedure of Cutler- test responded like normal 
persons, whereas other cases that did not have DOCA responded typically 
by excreting high concentration of chloride in the urine. It was, therefore, thought 
that the repetition of the Cutler-procedirre in some of the positive cases after specific 
treatment for kala-azar or during administration of DOCA, might throw further 
light on the adreno-cortical function in kala-azar. Three cases were studied in 
this manner. The results of the Cutler-test and the plasma-chloride concentration 
in these cases are given in Table III : — 


Table III. 



Plasma-chloride 
ns NnCl, mg. 
per cent, before 
Cutler-regime. 

Urinary chloride 
concentration as 
NaCI, mg. per 
cent, during the 
last four hours of 
the Cutler-test. 

Case I : 

1 


Before DOCA 

; 588 

500 

After DOCA 5 mg. X 5 clays 

! 

180 

Case IJ : i 

; 1 


Before DOCA^ 

600 

I 650 

After insufficient treatment for kala-azar 

405 

600 

After DOCA 10 ing. X 4 days ... 1 


300 

Case III : 



Before DOCA 

615 

685 

Immediately after Sb therapy ... ' 

600 

1,050 

After DOCA 5 mg. x 6 days 

i 

••• 1 

650 


It will be evident from Table III that the administration of DOCA caused 
well-marked decrease of chloride excretion during Cutler-test in 2 cases and a slight 
decrease in the other. It is possible that the dosage of DOCA was inadequate m 
case III. This response to the administration of DOCA may be regarded as further 
evidence of adrenal hypo-functjop. 
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Clinical features of the Cutler-positive cases. 

From an anal_ysis of the clinical features and other biochemical findings of 
the 16 cases that gave positive results with the Cutler-test, it was found th.at_12 
complained of their com])lexion becoming darker and the remaining four either 
complained of pallor or did not notice any change. Pigmentation of the skin and 
sometimes of the mucous membrane ns well was noticed in 14 of the cases. Systolic 
blood-pressure was low, i.e. below 100 mg. of mercury in 9, and there was hypo- 
chlorminia, i.e. values below our normal limit of .bSS mg. per cent in 6 cases. 

It is well known that adreno-cortical li}'^po-function leads to pigmentation in 
Addison’s disease. In the present series of cases of kala-azar it has been shown 
that there was biochemieally demonstrable adrenal deficiency in a considerable 
proportion of the cases. It thus appears that adrenal hypo-function is an important 
factor in the causation of dark-pigmentation of the skin in kala-azar. Low blood- 
pressure, emaciation, asthenia at times seen in kala-azar cases may also be possibly 
due to the same cause. 

Summary. 

1. Adreno-cortical function was studied in a series of 53 cases of kala-azar, 
Cutler et al. (loc. cit.) test, the estimation of plasma-chloride and clinical study 
of the patients being employed for the purpose. 

2. On comparison with the results obtained in a series of pormal cases, it was 
found that in 16 out of 53 cases, i.e. 30'2 per cent, of kala-azar in all stages of the 
disease, positive indication of hypo-function was obtained with the Cutler-test. 

3. Plasma-chloride values were found to be subnormal in 43 ’4 per cent of the 
cases when compared with the values obtained in normal controls. On comparison 
with the European standards, only 10 out of 53 cases showed hypo-chloraemia. 

4. The administration of desoxy-corticosterone-acetate (DOGA) to three 
cases led to well-marked decrease, of chloride excretion in two and a less marked 
decrease in the third. 

5. On consideration of the above biochemical findings in the light of the 
clinical features of kala-azar, it is concluded that adreno-cortical hypo-function that 
is present in a fail- proportion of the cases is an important causative factor for dark- 
pigmentation of the skin and possibly emaciation, low blood-pressure and asthenia 
seen in kala-azar. 


Part III. 

OTHEE BIOCHEMICAL CHANGES IN KALA-AZAR. 


Some of the bioohernical constituents of blood were estimated with a view 
to find out if any deviation from the normal occurs in kala-azar. The following 
constituents were studied : urea-nitrogen, non-protein nitrogen (NPN) sugar 
chloride, cholesterol and serum-proteins. ’ ° ’ 


Proteins and NPN were estimated by the micro-Kjeldahl method and urea 
sugar, chloride and cholesterol by the methods of Barrett (1935V TTnlln m ’ 
(1920), van Slyke (1923) and Bloor al. (1922), respectively. ’ " 
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The diagnosis of kala-azar was confirmed in all cases except three by the 
demonstration of the parasite by spleen-, sternum- or tibia-puncture in addition 
to the serum-tests. In these three cases the diagnosis was confirmed by the 
complement-fixation test done according to the technique described by one of the 
writers (Sen Gupta, 1945). All the patients were admitted under the care of one 
of the writers (P. C. S. G.) into the Carmichael Hospital for Tropical Diseases. 
Calcutta. 

Tim results of estimation of serum-proteins and plasma-chloride have already 
been discussed in connection with the hepatic and supra-renal functions in Parts I 
(Chakravarty et al., 1949) and II of this series, respectively. The values relating 
to urea-nitrogen, non-protein nitrogen, sugar and cholesterol content of blood in 
the kala-azar patients are presented in Tables IV to VII : — 

Table IV. 


Blood^irea nitrogen values in 44 cases 
of hala-azar. 


Bloorl-iirca N (mg. per cent). 

1 

j Number of cases. 

1 

10-1 to 12 

7 

12-1 to 14 

i 

14-1 to 16 

16 

16-1 to 18 

5 

18-1 to 20 

1 1 

20-1 to 22 

i 1 

Total 

44 

Table V. 


Blood'NPN in 10 cases 

of kala-azar. 

Blood NPN (mg. per cent). 

Number of cases. 

21 to 25 

2 

26 to 30 

3 . 

31 to 36 

4 

30 to 40 

1 

Total 

10 
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Table VI. 


Blood-sugar in 30 cases 

of liala-azar. 

Blood-sugar {mg. per cent). 

Number of cases. 

Cl to 70 

2 

71 to SO 

3 

81 to 90 

10 

91 to 100 

11 

101 to 110 

2 

111 to 120 

2 

Total 

,30 


Table VII. 


Blood-cholesterol in 30 cases of hxla-azar. 


Blood-oholestcrol (mg, per cent), i 

Number of cases. 

60 to 100 

13 

101 to 140 

11 

141 to 180 ... ... i 

1 

5 

181 fco 220 

i 

j 

1 

TorAL 

30 


The normal values for Indians are as follows {Bose et al., 1946) 
Blood-sugar — 80 mg. to 110 mg. per cent. 

„ urea N — 8 mg. to 18 mg. per cent. 

,1 NBN — ^25 mg. to 35 mg. per cent. 

„ clioIesterol—lOO mg. to 180 mg. per cent. 


From Tables IV to VII it will be evident that, apart from the changes in the 
blood-proteins and chloride content that have already been discussed elsewhere 
the other abnormalities noted were as follows ; urea-N was above normal in 2 out 
01 30 cases, NPN was higher than normal in 1 out of 10 cases, sugar was below 

normal in 2 out of 30 cases and blood-cholesterol below normal in 13 out of 
30 cases. 

hTOo-glycsemia frequently in kak-azar, and Greis 
and Kuudu (1925) also found that the blood-sugar of kak-azar cases was usually 
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low. Hypo-glyca3mia found in only 2 out of 30 present cases is at variance 
with the findings of the above workers. It is possible that they were dealing 
with more advanced stages of the disease. 

Hypo-cholesterolsemia was found in 13 out of 30 cases of kala-azar. On 
analysing the results of hfematological and other biochemical investigations carried 
out in these 30 cases, the following conclusions could be arrived at : (i) there was 
a significant coirelation between the cholesterol content and the hsemoglobin 
values of blood, the correlation coefficient ' r ’ being 0‘7 ; (ii) there was no signi- 
ficant difference for cholesterol and haemoglobin values between the cases showing 
normal and subnormal function of the adrenal cortex as estimated by the Cutler- 
test*. Defective hepatic function was seen in both groups showing normal or 
low cholesterol values and there was no significant difference between the two 
groups. 


SUJIMARY. 

The results of estimation of urea-N, NPN, sugar and cholesterol content of 
blood of kala-azar patients are presented. Hj^^o-cholesterolmmia was found in 
13 out of 30 eases. This could be correlated with the haemoglobin content of 
blood. 
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TO EARLY GONADECTOMY.* 

BY 

KAaiAL J. RANADIVE. 

(From the Department of Laboratories, Tata Blemorial Hospital, Bombay.) 
[Received for publication, April 16, 1949.] 


During the experimental studies on breast cancer in mice at these 
Laboratories it was found necessary to study the role of hormones in mammary 
carcinogenesis. It was, therefore, planned to investigate the comparative response 
of mammary glands to identical hormone treatment in cancer-susceptible and 
cancer-resistant strains of mice. To facilitate control of hormonal factor in the 
experiment, the first essential step was to remove the normal source of gonadal 
hormones from both the strains soon after birth and to administer an identical 
dose of extrinsic ovarian hormones at maturity. Some of these animals gonad- 
ectomized within thirty-six hours after birth were isolated and raised separately 
as castrated controls without any hormone treatment. These were studied at the 
age of seven to eight months and the present paper reports the result of these 
studies on two strains of mice {C 3 H and €57 black), after early gonadectomy. 


Material and method. 

The strains used in the experiment were brought over from Roscoe B. Jackson 
Memorial Laboratories, Bar Harbor, Maine, U.S.A,, in 1941 and the progeny was 
raised by brother-sister mating for the last eleven generations in the laboratories 
of Tata Memorial Hospital. Strain C 3 H has a high susceptibility to spontaneous 
cancer of the breast, the reported incidence of spontaneous breast tumours being 
95 to 100 per cent in both virgins as well as breeding females ; while 057 black is 
considered as a cancer-resistant strain with an incidence of spontaneous breast 
cancer of less than 0-5 per cent in breeding females. The technique used for 
gonadectomy of new-borns was simple and essentially the same as the one used 
by Fekete el al. (1941). 


♦ Investigation carried out under the auspices of the Indian Research Fund Association 
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-Gonadectomized sucklings -were weaned from tlieir mofckers after twenty days, 
and _ brothers and sisters were segregated at maturity. Males and females were 
sacrificed at the age of seven to eight months and gross mounts of mammary glands 
Were prepared after staining with Kernechtrot. A comparative study of the gross 
appearance of uterine horns and adrenals was also undertaken. Twenty C3H 
females and sixteen Cs? females along with eight castrated males from each strain 
were available for the present study : — 


Experimental findings. 

A remarkable difference was noticed in the general condition of the animals 
of two strains at the age of seven to eight months, Gonadectomized males and 
females belonging to non-susceptible strain C57 black began to put on weight and 
looked more obese than the controls. On the other hand, C3H females appeared 
weak, emaciated and stunted in growth. Five out of twenty died before attaining 
the age of seven months. Animals from both the strains were weighed before 
they were killed. The average liody-weights of gonadectomized males and 
females in the two strains as against the normal controls of the same age are 
given in Table I. 


Table I. 


Strain. 

1 

Sex. 

Normal control. 
Average weight 
(g-)- 

1 

Gonadectomized 
average weight 
(g.). 


r 

Jlale 

1 

2G-2iO-82 

24-0±0'76 

C^H 

1 

. 

1 

1 

I Feniaic 

24'4±0-6S 

2l-0±Q-l2 

1 

1 


Male 

24'8±0-74 

.31-2±0-84 

c. j 

! 


Female 

25-2±0-33 

i 

1 

31*S±0‘44 


The average body-ireights of gonadectomized animals thus differed from 
normal average range. Considerable difference was noticed between weights^ of 
two strains after ovari-ectomy although both the strains were raised under identical 
laboratory conditions. 

It was surprising to observe that on a daily vaginal smear examination of 
ovari-ectomized females between the ages of seven and a half to eight months,- a 
cornification of vaginal epithelial cells' was demonstrable in C3H females. Sixteen 
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out of twenty C3H females were found to go into regular estrus at this late 
age. On the other hand, fourteen out of sixteen €57 females did not show 
keratinization of the vaginal mucosa. The uterine horns of fifteen out of 
twenty CsH females showed evidence of estrogenic stimulation and resembled the 
uteri of normal intact virgins. In C57 black, on the other hand, the uterine 
horns were seen as thin thread-lilve structures indicating an absence of estrogenic 
stimulation. 

Eleven out of twenty C3H females developed nodular outgrowths on their 
adrenals which were absent in Cbi black females. 

Although a development of mamraarj’- glands was not expected in these animals 
which were gonadectomized at birth, the gross mounts showed a peculiar mammary 
architecture in strain C3H. A large majority of C3H females ( 16 / 20 ) developed 
unusually long slender maimnary ducts branching sparsely (Plate HI, fig. 1). The 
ductal pattern resembled that occurring in normal females of the same age. ■ The 
acinar proliferation, however, was completely absent. The sparse branching of 
mammary ducts and further degree of dense ductal branching in strain C3H 
resembled ductal patterns a and jS described in a previous publication (Khanolkar 
and Eanadive, 1947 ). Acinar structures were totally absent in nineteen out of 
twenty C3H females, condition represented by acinar t}T)e ‘ A ’. Only one C3H 
female developed focal acinar structure of type ‘ C ’ described previously (loc. cit.). 

The C67 black females did not show any matme breast development after 
early ovari-ectomy. Eive out of sixteen such animals showed a couple of 
rudimentary mammary ducts without side offshoots or acinar structures (Plate III, 
fig. 2 ). The rest of them did not give evidence of breast development. A remark- 
able difference was thus noticed in the breast development of the two strains 
after early ovari-ectomy. 

All the sixteen males studied from strains C3H and €57 black did not show 
any sign of breast development with the exception of one C3H male in whom a 
stunted mammary gland with few hyperplastic nodules was seen. 

In addition to ductal proliferation in strain C3H described above, heavy 
inorganic deposits were observed in the stroma of the glands (Plate III, fig. 3 ). 
These deposits were more or less uniformly scattered between branches of mammary 
ducts, and were noticed in fifteen out of twenty C3H females and three out of eight 
C3H males, but in only one out of sixteen C57 females and in none of the C57 males. 
The material was first suspected to be crystalline cholesterol formed as a result 
of fat necrosis in C3H females. A qualitative test for cholesterol according to 
Bloor’s modified method gave negative results. 

The whole mounts were then stained wdth hBematoxylin instead of Kernechtrot. 
The deposits turned blackish blue suggesting the presence of calcium salts, A 
qualitative test for calcium by Clark’s method proved the presence of calcium. 
A simple but fairly sensitive gypsum reaction was also performed. It is a micro- 
chemical test for identification of calcium in the deposits. On a clean slide a 
microdrop of 1/10 normal hydrochloric acid was first added to a small quantity 
of the crystalline deposit and later another naicrodrop of 1/10 normal sulphuric 
acid was added to it. Typical needle-shaped crj-stals of calcium sulphate appeared 
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on tlie slide as a result of chemical reaction and presence of calcium in the deposits 
was thus confirmed (Plate III, fig. 4). 

The findings stated above are described in Tables II, III and IV ; — 


Table II, 

Experimental data on CzH females ovari-ectomized at birth. 


Animal 

number. 

Age 

(days). 

Weight 

(g.). 

JIammar 3 '' pattern. 

Uterine boms 
(appearance). 

Adrenals 

(appearance). 

1* 

160 

21 

D 

Castrate type 

Normal. 

2* 

137 

20 

D 


Nodules present. 

3* 

196 

20 

D 

>> 

Normal. 

4 

240 

21 

a. A, D 

Intact virgin 

it 

6 

240 

20 

A, D 

tf 

if 

6 

24D 

22 

P, A. D 

y> 

Nodules present. 

7 

240 

21 

a. A, D 

i* 

Normal. 

8* 

135 

18 

D 

Castrate tj'pe 

it 

9* 

138 

23 

a, A, D 

ft 

it 

10 

238 

20 

a, A 

Intact virgin 

Nodules present. 

11 

237 

21 

a, A 

ft 

* 

Normal. 

12 

240 

21 

a, A, D 

ft 


13 

238 

22 

a. A, D 

>9 

Nodules present. 

14 

238 

20 

a, C, D 

ft 

>> 

16 

240 

22 

P, A 

ft 

if 

16 

236 

25 

P, A 

ft 

ii 

17 

240 

22 

a, A 

if 

if 

18 

238 

20 

p, A, D 

ft 

)« 

19 

240 

22 

P, A, D 

ii 

ft 

20 

240 

20 

a. A, D 

it 

it 


* Kve CjII females that had to be killed before seven months did nob show evidence of estrogenic 
stimulation. Heavy deposition of calcium salts was present in these females. 

B = Rudimentary ducts, 

• Ductal patterns designated as a and j5, and 

Acinar types designated as A and C are described and illustrated in previous publication 
(i^anolkar and Ranadive, loc, cit.). 

D =! Deposits of calcium salts present in the breast parenchyma, 
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Table III. 


Experimenlal data on Odt females ovari-eclomized at birth. 


Animal 

number. 

Ago 

(days). 

Weight 

(g-)- 

Mammary pattern. 

Utorino horns 
(appearance). ^ 

Adrenals 

(appearance). 

1 

237 

28 

R, A, D 

Castrate typo 

Normal. 

i 

2 

240 

32 

R, A 

»? 

It 

3 

230 

30 

... 

ft 

»♦ 

4 

236 

32 

... 

»» 


5 

235 

35 


>* 

t» 

0 

238 

28 

a, A 

Intact virgin type 

ft 

7 

240 

35 

R, A 

Castrate typo 

-- 

8 

240 

32 

R, A 


>> 

9 

240 

35 

... 


tf 

10 

235 

32 

... 

>> 

" 

11 

238 

30 

— 

»» 

tt 

12 

240 

34 

... 

*' »» 

tt 

13 

240 

32 

... 

tf 

tt 

14 

235 

28 


»» 

tf 

15 

235 

30 

... 


ft 

16 

235 

35 

1 


•• 

V 

»• 


R = Rudimentary ducts, 

Ductal patterns designated as a and and 

Acinar types designated as A and C are described and illustrated in previous publication 
, (loc. cit.). 

D = Deposits of oaloium salts present in tbe breast parenchyma. 
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Table IV. ■ 


So,\. 

! 

Strain. 

Total 

number 

of. 

animals 

studied. 

1 ■ 

■ 

1 

j Average 
weight 
(g-)- 

Number of animals 
showing breast 
development. 

Number of animals 
showing ‘ calcium 
deposits. 

Uterine 

HORNS. 

1 

Adeenaes. 

Castrate 

typo. 

Intact vir- 
gin typo. 

Normal. 

Nodular. 

(1 

C 3 H 

20 

21-0±0T2 

16 

15 

j 

G 

15 

9 

11 

Female ... L 




I 






[ 

G,r 

16 

3l-8±0-44 

6 (R) 

1 

15 

1 ' 

I 


f 

G,H 

8 

24-0±0-76 

1 

3 

... 


1 

■' 6 

2 

Male ...i 


1 








1 

Cr., 

i 

31-2±0-84 


... 

1 

... 

8 

1 


Discussion. 

Animals gonadectomized at birth presented interesting changes at the age 
of seven to eight months. The ovari-ectomized C 3 H females indicated estrogenic 
stimulation by a development of uterus and Iceratinization of vaginal mucosa as 
well as by growth and development of mammary glands. , There was no evidence 
of such stimulation in C 57 black females. 

Perry (1938) first noticed positive vaginal smears in old mice spayed at birth, 
Loeb and Kirtz (1939) later studied response of accessory genital organs to pituitary 
transplantation after early ovari-ectoniy in strain ‘ D ’ mice. Woolley, Fekete 
and Little (1940) observed a marked hypertrophy of adrenal cortex following the 
development of mammary tumours in strain dba castrates. A comparative study 
of the effect of early gonadectomy on accessory sex organs of susceptible 
and non-susceptible strains of mice was also undertaken in the same laboratory. 
Mammary tumours were observed between the ages of 14 and 24 months in dba 
mice spayed at birth. More extensive work, however, has been done on extreme 
dilution strain ‘ Ce \ because of the peculiar anatomical position of adrenals and 
constitutional hypogenitalism in the strain (Fekete and Little, 1945 ; Woolley 
and Little, 1945). Carcinomas of adrenal cortex occurred very frequently in 
■ gonadectomized males and females of this strain at an early age of six to seven 
months. A growth and development of accessory sex organs occurred following 
the appearance of adrenal cortical tumours in gonadectomized animals. Such 
observations suggested some relationship between adrenal tumours and development 
of accessory sex organs. 

Our observations on ovari-ectornized C 3 H females gave evidence of growth and 
development of breast consisting exclusively of ductal proliferations. Tlie develop- 
ment of breast in strain C 3 H was generally accompanied- by nodular overgrowth 
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of adrenal cortex. Both the breast development and cortical hyperplasia were 
ab.sent in strain C57 black. Such observations indicated an essential relation- 
ship between hyperactivity of adrenal and the development of vagina, uterus 
and mammary glands in the event of early gonadectomy. Although the animals 
in the present experiment were studied at a comparatively early age (7 to 8 
months) there was a definite indication of estrogenic stimulation in the susceptible 
strain. It, therefore, appears that, as indicated in the literature (Woolley et al., 
1939 to 1915 ), the breast development in ovari-ectomized C3H females may have 
been induced by hormones of adrenal cortex. Nodular overgrowth of the cortex 
suggested hyperactmty of adrenals. Hyperplastic tissue may produce extra- 
ovarian estrogenic compounds, and stimulate uterine development and profuse 
ductal proliferation exclusive of alveolar structures. Adrenals in the non-suscep- 
tible strain C57 black do not appear to compensate for the function of absent 
gonads. Such observations invite fitrther detailed stud}" of gonad-adrenal inter- 
relationship in the event of early gonadectomy. 

Accumulation of calcium deposits in the breast parenchyma of ovari-ectomized 
CsH females has not been reported in the available literature. The only plausible 
explanation that can be put forth for these dejjosits is that hormone deficiency in 
susceptible castrated controls ma}" affect calcium metabolism of the animals 
leading to a hea-\y deposition of calcium salts. It appears that hormone deficiency 
does not affect calcium metabolism in the non-susceptible strain C57 black as the 
strain is normally used to scanty hormonal stimulation. It will be worth while 
investigating the chemical composition of bones of these castrated controls. 
The result of the investigation may throw some light on changes in the calcium 
metabolism following gonadectomy. 


SraiMARY. 

1 . Males and females of strains C3H and black gonadectomized at birth 
were isolated for study. Response of mammary glands, uterus, vagina and adrenals 
to gonadectomy was investigated at the age of seven to eight months. 

2. Accessory sex organs in C3H females gave evidence of estrogenic stimula- 
tion; C57 females on the other hand presented characteristic castrate type of 
secondary sex organs. Hyperplasia of adrenal cortex may compensate for function 
of missing ovaries in the susceptible strain. 

3 . Heavy calcium deposits were observed in the breast parenchyma of strain 
C3H females. Such deposits were rare in strain C57 black. 

4 . Preliminaiy findings invite further study of (f) gonad-adrenal inter- 
relationship and (m) chemical composition of bones in castrated controls. 
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EFFECT OF FOSTER-NURSING ON MATURATION 
OF OVARIES.* 

By 

KAVAL J. EANADIVE. 

{From the Department of Laboratories, Tata Memorial Hospital, Bombay.) 

[Received for publication, April 16, 1949.] 

Since tlie discovery of extra-cliroinosoinal milk-borne tumour agent in 1936 
(Bittner) abundant evidence has been collected revealing a remarkable influence 
of mother’s milk on mammary carcinogenesis in mice (Bittner, 1930 to 1911 ; 
Anden'ont and McEIeny, 1939 ; IMurray and Little, 1939). Investigations have 
also been directed towards a study of the physical and chemical nature of the milk 
substance-and its distribution in the rdscera (Bittner, 1941 ; Bryan et al., 1942). 
The mode of action of the milk-borne substance is not yet determined. 

During the experimental studies on breast cancer at these laboratories 
a peculiar disturbance in the hormonal metabolism was observed in some female 
mice after foster-nursing. They showed a consistent alteration in the length of 
sex cycle and the duration of estrus. It was, therefore, proposed to study the effect 
of foster-nursing on the hormonal metabolism of different strains of mice. 

The problem could have been easily attacked through a study of estrus cycles 
after cross-suckling. Daily examination of vaginal smears had already been 
undertaken on a small group of experimental females but this method of approach 
to the problem was later given up for two reasons. The literature on the subject * 
of sex cycles in strains of mice appeared very confusing. Several investigators 
(Lacassagne, 1934 ; Bonser, 1935 ; Moskop et al., 1935 ; Burns et al., 1936 ; Harde, 
1934 ; Dermger et al., 1945, and others) had studied estrus cycles in cancer- 
susceptible and cancer-resistant strains of mice, and most of them were unable to 
establish a definite correlation between the duration of estrus and the incidence of 
spontaneous mammary tumours. It was also thought that stimulation of vaginal 
mucosa by daily introduction of cotton-swabs for obtaining the material for the 
smears may affect the rhythmic changes during the sex cycle. The vaginal smear 
examination was, therefore, replaced by a method of hormone estimation through 
the study of maturation of ovaries. 

Taylor and iValtman (1940) and Fekete (1946) studied serial sections of ovaries 
of cancer-susceptible and cancer-resistant strains of mice at different age periods. 


* Investigation carried out under the auspices of the Indian Research Pund Association, 
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Ejfect of Foster-Nursing on Maturation of. Ovaries. 

They observed differences in the average number of cor^mra lutea in the two 
strains studied by them, and interpreted such variations as due to differences 
in hormonal stimulation. It was, therefore, planned to study the effect of foster- 
nursing on the number of corpora lutea in the ovaries. 


Material and method. 

Ovaries were selected from some foster-nursed female mice which had been 
studied previously for mammary architecture at the age of seven to eight months 
(Khanollcar and Eanadive, 1947). These animals belonged to three different 
strains : cancer -susceptible strains, C3H and strong ‘ A ’ and cancer-resistant, C57 
black. 

Complete estrus cycles were traced twice a month from maturity (2| months) 
to the age of eight months in the first set of thii‘ty-five females. A simple cotton- 
swab' method was used for vaginal smears and smear spreads were stained with 
polychrome methylene blue and classified according to their cell contents. 

One hundred and seventy-one ovaries from 94 females isolated in nine differeut 
groups were fixed in Benin’s fluid and serial sections 5/1 in thickness were cut and 
stained with hsematoxidin and eosin. Special care was taken to see that all ovaries 
were embedded and cut in almost the same plane. Ten to twenty sections from 
each ovary were examined, the largest available section was selected for camera- 
lucida projection and drawn at the same magnification. Outlines of corpora lutea 
were traced and their number was noted. As weights and volumes were not 
determined in the fresh material a sum of the two largest perpendicular diameters 
gave only a rough estimate of the size of the ovary mngniGed x 80 times. 


Experimental findings. 

Normal sex cycle in mice lasts for four to six days, of which the period of heat 
(estrus) and the period of rest (diestrus) continues for one and a half to two days 
each (Allen et al., 1935). The length of the sex cycle and the duration of estrus 
and diestrus were studied in thirty-five female mice. The results are given in 
• Table I : — 


Table I. 


Strain. 

1 

1 

1 

1 Nursed by 
strain. 

^ 1 

1 Total number 
of virgins i 

j studied. j 

i i 

Number 

OF ANIMALS SHOWING : 

Normal 

cycle. 

Long 
! estrus. 

1 1 

Long 

diestrus. 

C,H 

CaH 

1 G 

2 

1 

4 


1 

Cb7 black ... 1 

C 57 black 

6 

0 



CaH 

Ca7 

1 10 

7 

1 

2 

CpT 

CaH 

1 

i 13 1 

1 1 

3 j 

i 

I 
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AlMiough tlie munber of aiiiiiials was too small to draw definito conclusions, 
it was observed that majority of non-siiscc]>til)lc Cr,- females nursed on their own 
mothers or Call females fostered on Cs? mothers had a normal sex cycle. On the 
other hand, mo.st of Oaf! controls ns well as Cf,7 virgins foster-nursed on C3H 
mothers showed a ‘ long cstrus ’ phase (.see ’rabies II to XI) ; — 


Table II. 




Milk. 


» 

\ 


1 

( 


C:„/C„ (12) ... ^ 


' i 



-Animn! 

number. 

Size of t,he ovAnv 
KN-i.ARonn v SO 

(SQ. OM.). 



Largo. 

Small. 

1 

120-0 

95-2 

0 

174-3 

110-9 

3 

214-r. 

150-0 

4 

103-9 

157-3 


77-0 


1 

0 j 

182-0 ; 

1 12-2 

7 

191-4 

177-1 

S 

9r)-7 


9 j 

1 

128-1 

121-9 

10 

ll.O-a 

98-0 

11 

143-5 

1.35-1 

12 1 

1,53-3 

1.30-2 


XnMJiKH r)r coiiroRv ! 
LUTKA. i 

! 

Atnmmary 

pattern. 

I.arge. 

1 Small. ‘ 


0 

2 , 

a, A 

5 

4 1 

a, A 

/) 

1 

a, A 

4 

2 ! 

a, A 

4 


ft 

(• 

5 

a, A 

7 

; i 

JS. B 

3 

t 

' 

a, A 

0 

' ■* 

a, A 

5 

1 

1 - 4 N 

y. B 

3 

.3 j 

a, A 

8 , ! 

1 ! 

i 6 i 

, i 

j j 

JS, B 


TOTMiS 


1,704-9 ' 1,281-0 


58 


40 


Average 


147-0 


1-28-7 ' 4-8' 


I 

4-0 : 



137-9 

I 


(Avomgo size) 


4-4 

(Average number) 


J, MR 


4 












,S'» K */ ■'■■• 

j nttwhrr. 

/ f^txi: f‘i' ‘‘’’t’'' OVAKV 

, ' u.vr-.\ROED X so 

1 . (.so. CAt.). 

NuAIIiEK OF CORl’ORA 
LTJTEA. 

iMammary 

pattern. 

.ir;/A-. 

Large. 

» 

Small. 

Large. 

Small. 

/ 

13 

I 85-0 

70-98 

8 

7 

y- C' 


14 

1 92-07 

1.38-7 

10 

10 

a, A 


1 

170-08 

i 112-8 

i 

n 

10 

a, C' 


10 

170*0 

\ 

i 107*5 

12 

10 

V, c 


17 

144-3 

70-20 

12 

7 

y. A 


IS 

198-4 


10 

9 

y, C 

Csr/CaH (13) 

19 

159-2 

159-5 

. 

8 

y. C' 


20 

202*5 

100*32 

10 

9 

a, E 


21 

100-0 

... 

10 

... 

a, C' 


22 

163-27 

143-10 

1.3 

'll 

a, A 


23 > 

190-55 

188-00 

13 

13 

a, B 


24 

145-20 

106-14 

1 

0 

8 

)?■•. C' 

1. 

25 

106*95 1 

... 

5 


a, A 

Totals ... j 

2,089-21 

1 

1,203*7 

1 

132 j 

1 

102 


Ateraoe 


160-1 

1 

120*3 

1 

10-1 ' 

9-2 




144-7 

9-0 




(Average size) 

1 

(Average nnmbor) 
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Table IV. 


Sthain'. 


Milk. 


Totals 

Average 


C„/A(14) ... ^ 


1 Sizi; or Tin; ov.aky 
1 r.NLAiuir.i) '• .SO 
Aninnl 1 (s<j. c.M.). 

niimlicT. I 


20 

27 

28 

20 

:io 

31 

32 

33 

34 

35 

30 

37 

38 

39 


I.nrixo. 


OlvO 


171-52 


221-00 


102-50 

111-10 

05-00 

173-40 

104-50 

198-40 

150-00 


•Sm.-ill. 


Xl'MllEU OF COIU'ORA 
I.IITHA. 


Larfic. ! Smnll. 


54-40 


123-50 i .S7-87 


87-32 


05-70 


175-50 


110-00 I 100-05 

I 

I 

103-32 I 00-10 


150-00 ' 

87-00 i 
70-23 I 
148-50 i 

I 

182-50 I 

! 

105-10 ' 


I 2,008-0 i 1,434-01 

i I 


143-4 


119-5 


131-4 

(Average size) 


3. 


80 


5-7 


63 


4-8 


5-2 

(Average number) 


Mammary 

Iiattcrn. 


a, A 
P', B 
a, B 
a, A 
a, A 
n, iV 
n, A 
;8, C 
n, B 
y. C' 
a, C' 
a, 33 
a, A 


a, A 
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Effect of Foster-Nursing on Maturation of Ovaries. 


Table V. 


Strain. 

Animal 

nvimbor. 

Size op the ovary 
ENEAROED X80 
(SQ. CM.). 

Xemrer of corpora 
EUTEA. 

Mammary 

pattern. 

Milk, 


Ln rgn. 

Small. 

Large. 

.Small. 


r 

40 

132-00 

12.3-12 


9 

a, C 



41 

109*14 

101-70 

9 

8 

a. A 



42 

85-.W 

... 



a, A 



43 

103'.W 

' 



... 

a, C 



44 

170-00 

128-48 

10 

10 

/8', C' 

C,H/C3H(10) . 


4.5 

1(58*19 

142-00 

19 

13 

i3', A 



46 

132*84 


15 

... 

a, C 



47 

83-60 

... 

8 

5 

a. A 



48 

92*20 

83-46 

12 


a, 0 



40 

) 

154-00 

100-80 

1.5 

13 

a, C 

Totai-s 

1,230-97 

079,56 

110 

64 


AVEKAaE 



12,3-9 

113-26. 

11-0 

9*1 





118-6 

10-1 





(Averape size) 

(.Averafre 

number) 
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Taule VI. 


Straik. 


.\uimal. 

number. 

Sizi; or Tiir. ovahy 
r.NL.Mir.r.n x80 
(sp. r.M.). ' 

XUaMHKU of corpora 
LUTEA. 

Mammary 

pattern. 

Milk. 



Large. 

Small. 

Large. 

Small. 



r 

1 

50 

88-;i2 

.50-7.3 

4 

3 

a, A 


i 

( 

1 

: 51 

f 

nriMo 

51*60 

•> 

3 

a, A 



! 

77*00 

.55-20 

10 

3 

13. B 



r. 

180-00 

86*40 

6 

5 

ft, B 



j 

j 54 

1 

95-40 

94-71 

7 

5 

ft, B 


t 

1 55 

121-80 

82-9.5 

6 

2 

a, C 

C.H/C„(l-2) 

i 

I 56 

1 

138-00 

110- la 



a, B 



1 

193-80 

180*00 

7 


a, B 


I 

! 58 

88-20 

44-00 

7 

4 

ft, B 


1 

59 

IIO'OG 

100-48 

5 

3 

a, A 


1 

I 

60 

149-50 

137-50 

3 

2 

ft, A 

<V 

l 

61 

1 

i 

158-40 

... 

4 


ft, A 


I I 

Totals ... | 1,436-78 1,002-72 * 69 38 


Average ... ! 119-73 91-16 i 5-7 3-4 


105-4 

(Average size) 


4-5 

(Average number) 
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Effect of Foster-Nursi'tKj on M.alumt/io)i of Ovaries. 


Table VII. 


. Stbaik. 

Animal 

number. 

Size of the ovary 
ENLARGED X 80 
(SQ. CM.). 

Number of corfora 
LUTEA. 

Mammary " 

pattern. 

JlUk. 


Large. 

Small. 

Large. 

Small. 


r 

02 1 

94-80 

... 

7 

6 

a, A 



1 

03 

90-10 

83-95 

■ 4 

3 

1 a, A 


1 

C4 ! 

I 

91-9r 

83-30 

i 

! 3 

1 ^ 

1 A 

1 

1 


05 

173-41 

i 

105-60 ' 

9 

6 

1 

a, B 

1 


00 

1 

83*82 

1 

52-50 

3 

i 1 

1 

2 

a, B 



67 

120-0 

67-24 j 

4 

1 

3 

a, A 

C,,H/A(12) ... ^ 

1 

68 

1G8*0 

i 

88-00 ! 

1 

-i 

3 

a, A 


! 

1 

69 ' 

120-32 

1 

157-50 

8 

1 

5 

a, A 


i 

! 

1 

70 

I 

288*80 

125-40 

] 

5 

I 

5 

a, C 


J 

1 

i 

71 i 

1 

118-72 

146-90 j 

1 

7 

1 ; 

! ^ 

1 

a, A 



72 

S5-S0 


1 


. /8', A 


L 

73 

j 67-08 

i ! 

I 59-84 1 

i 1 

2 

! 1 

i 

! 

a, A 

Totals 

1,508-82 

1,135-53 

1 

57 

1 

j 

40 


Average 



126-73 

1 

103-23 ! 

! 

* 1 

4*7 

1 

1 1 

3-3 

1 





114-50 

4^0 




. 

(Average size) i 

(Average number) 

- 
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Ejfed of Foster-Nursing on Maturation of Ovaries. 


Table IX. 


Steain. 

Animal 

number. 

1 

Size of the ovary 
ENLARGED X80 
(SQ. CM.). 

J^Tumber of corpora 

BFTEA, 

Maminar}’ 

pattern. 

Milk. 

Large* 

Small. 

Large. 

Small. 

A/C„ (7) ... • 

; 83 118-5G 

84 1 . 241-20 

' 85 1 99-OG 

8G ; 01-.38 

1 87 , 101-85 

88 158-40 

89 , 115-00 

■ 

84-60 

128-80 

59-85 
74-40 
154-40 
• 72-27 

3 i 2 

4 ' 4 

0 

2 1 

G- , 5 

4 1 3 

6 j 5 

i 

a, A 
a, A 
a, A 
jS', A 
a, A 
y. B 
a , A 

Totals 

895-45 

574-32 

24 

20 


Average 

127-92 

95-72 

3-4 

3*3 


111-82 

(Average size) 

3-35 

(Average number) 


Table X. 


Strain. 


Size of t.he ovaby 
enlabged x80 

Number of corpora 



Animal 

1 (SQ. 

CM.). 

IjU 1 EA. 

JIammary 


number, j 

1 




pattern. 

Milk. 


Large. 

■ Small. 

1 

Large. 

1 Small. 

1 



90 

173-84 

.167-20 

12 

8 

a , C 



91 i 

1 57- 50 1 

• • « 

8 ; 


C' 

A/aH (5) ... ■ 


92 1 

1 157-32 : 

103-68 

10 

8 

P', c 

1 

93 

94-38 j 

91-26 

6 

4 

a , A 


[ 

94 

128-25 

1 ' 


10 


a , C 

Totals 

1 

j 711-29 1 

1 ' 

362-14 

1 46 

20 i 

i 

i 

! 

Average 


I 1 

1 142-25 

1 

' 120-71 

[ 1 

9-24 ' 

6-66 i 

i 

! 



131-48 

7-95 { 




(Average size) 

(Average 

t 

number) i 

1 
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Table Xf. 


■Strain. j 

Milk. i 

Total iiiimlH’r | 
of fi'tnalcs ; 
studied. j 

1 

1 

Ax'orRve .size of tlie i 
1 ovary enlnrfted ■ 80 , 
(R-f. eni.). 

i ' 

Xiimbcr of corpora 
bilea per lar"est 
section nx-nilablo 
(nx’cragc). 

1 

Guour r : — ' 

* 

! - - - 1 

1 


cjc,r ... ; 

12 (22) 

l:iT-!»±ni:i 1 

!-4±<'-l8 

C:,/C,n ... I 

i;i (2:1) 

Mi-7±io-o 


V:JA 

M (k’ti) 1 

i01-4d:220 

.7-2±(r54 

Grout IT : — i 


[ 


CMI/G.ir ... 

Id (Hi) 1 

nsii±i!i-r. 

10-0±l-24 

djm.r - ; 

12 {2:t) 

10.T.(±12-9 

; 4-5±0-47 

C,n/A ... 

^ 12 (21!) 

1 

lMTi±14-7 

4-0±(TCI 

Grout III : — 


i 

1 

A/A 

0 (10) 

' I(lS-l±2.T2 

1 5"*^ ifcO’ / / 

A/C„ 

7 (1.0) 

ni-8±25-l 

i 3-.'i±0-72 

A/C,H ... 

5 (8) 

■ 

1 i:«-4±27-2 

1 

7-ft±l-30 


* Figures in tlio brncicots represent exact nuinl)cr of ox-urics studied from 
each group. 


Tables II to X are self-explanatory. They present data about individual 
observations on 171 ovaries belonging to nine dillerent grouj)s. In a general way 
the number of corpora lutea seems to run parallel to tlie complexity of the 
mammary patterns. The exceptions are underlined. 

Table XI summarizes the findings and compares tlie changes in maturation 
of ovaries after foster-nursing. The figures for standard deviation indicate great 
individual variation in the size of the ovaries belonging to the same group. The 
average size of the non-susceptible ovary appears to be larger than that of the 
susceptible strains C 3 H and A, although the number of corpora lutea in the non- 
susceptible strain is smaller. The tabulated average size of the ovary is magnified 
X80 times the actual size. Besides, tlie method used for measurement was not very 
accurate giving only rough estimate of the size. Mucli significance is, therefore, not 
attached to these findings. It is decided to %veigh fresh ovaries and measure their 
volumes in future .studies, Xo appreciable change was noticed in the average size 
of the ovary after foster-mirsing. 

A remarkable dissimilarity was observed on a general examination of the ovaries 
belonging to susceiitihle and non-susceptible strains. The ovaries belonging 
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Effect of Foslcf-Nw'fshig oib Rlatumtion of Ovanes. 

to strain C3H (Fig. 1 ) were often filled witli coalescing corpora lu’tea so as to 
coinpletelj^ obscure the stroma, while in strong ‘ A ’ (Fig. 2 ) and (-'57 black (Fig. 3) 
only few fairly large discrete corpora Intea were seen lying embedded in a relative!}’' 
abundant stroma. Foster-nursing altered the number of corpora lutea in these 
strains. In C57 black the average number of corpora lutea 4'4 increased to 9‘6 
when nursed on C?, 7 d and to 5'2 when fostered b}’^ strong ‘ A ’. On the other hand, 
the characteristic number of corpora lutea in .strain CgH decreased from 10 to 4'5 
when fostcr-nursed on non-susce])til)lc C57 black and to only 4‘0 when nursed on 
strong ‘ A \ ^mry fe\v' animals were available for stud}" in the third group. The 
average number 5-4 of corpora lutea in- strong ‘A' calculated from only nine 
females decreased to 3'3 when fo.stercd on C.57 black and increased to 7'9 when 
nursed by the suscepti!3l6 C3H. Each group of animals thus indicates an alter- 
ation in the maturation of the ovary after foster-nursing. The altered structure 
simulates the characteristic structure of the strain of the foster-mother. Similar 
observations have already been made with reference to changes in the breast 
morphology after foster-nursing (Khanolkar and Fa nadivc, he. cit.) . -Besides corpora 
lutea other characters, such as the number and si/.e of follicles, the amount of 
follicular atresia, etc., offered no immediate points of contrast in different groups. 


Tbxx-figuue. 


Effect of foster-nursing on maturation of ovaries. 



Caiuera-liicida projection.s of sections of ovaries of three strains of mice at the age of 7 to 
8 months : 

Fra. 1.— Largest available section of ovary of CaH virgin showing outlines of corpora lutea 
inside. 

Fig. 2.— liargest available section of ovary of strain ‘ A ’ virgin sliowiug outlines of corpora lutea 
inside. 

Fig. 3.— Largest available section of ovary of C.,t black virgin showing outlines of cozpora lutea 
inside. 

Figures below drawings give average numbers of corpora lutea in the respective strains. 
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Discussion. 

Since Shimkiii and Andervont (19(1) j)rovcd tlial fosicr-mirsinj^ docs not affect 
vaginal reaction io cxlrin.sic liormonal .stimulation, no otlicr inve.stigator c.Kcept 
Armstrong (1018) lias attempted to study the direct effect of milk-Jiornc tumour 
agent on tlic liormonal metaholi.sm of the .suckling. 

Armstrong (foe. ei7.) has recently .studied the cslrus cycles in a small group of 
fostcr-nur.scd females and has failed to lind a statistically significant alteration. 
Sinularly. in the .small grou]) of animals .studietl hy vaginal smears in the present 
series no .significant, change couhl he ob.scrvoil after foster-nursing. Howcvcf, 
tlic mimlicr of corjiora Intea in the ovaries undergoes a. significant change after 
foster-mmsing indicating an alteration in the hormonal slimnlation. 

It rvould he interc.sting to determine in larger .scries ivlietlier the changes in 
the structure, of the ovary which are dependent on the hormonal .stimulation 
.are also reflected in an alteration of the mammary iiatlern. The prclimin.ary 
findings reported here open up an interesting .study on the indirect action of the 
milk substance on the stmetnre of the mamniarv Ldands ; and the effect on hormonal 
metabolism and alteration in ovarian .structure during maturation. 

Su.M.MAUV AND CONC'LL'.SIOX. 

In .an attempt to study tlic effects of fo.ster-nur.siiig on liormonal metabolism 
the changes in three strains of mice, ('all, strong ‘ A ’ and C'q 7 lilaclc, were observed. 
Serial sections of 171 ovaries from 9t virgins licloiiging to f) different groups were 
studied. A signific.ant alteration in the mimlicr of corpora liitca after foster- 
nursing indicating a change in liormonal mctaboli.sin of the animal avas observed. 
It is suggested that a change in the mammary pattern is correlated with a 
change in the structure of the ovary. 
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STUDTl^S ON INDIAN EDIBLE OILS. 


SliSAME 


OIL. 


nv 
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AXn 
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{From the Dcparlmcnl of Biochnnmhij. Indian Inslilidc of 
Science, Bonc/alore.) 


[Received for pnblicntion, Mnrcli 21, 1049.] 


Sesame oil is obtained from tho seeds of the sesame plant belonging to the 
family of Bignoniacccc. Two specic.s of sesame have been distinguished Scsamim 
indicum producing yellow or white seeds and Scsa7mini orientate producing dark 
seeds. The white variety giving an oil pale in colour is known in commerce as 
‘ sufEet til while the black variety which yields a gi-eater proportion of oil is 
known as ‘ tillie ’. 

Sesame oil is used extensively for edible purposes in the raw condition, especially 
in South India. It commands a premium over ground-nut oil because of its agree- 
able odour. The problem of storage and marketing of sesame oil has received 
very Uttle attention, though it is easily susceptible to spoilage. The admixture 
(5 per cent) of the sesame oil with hydrogenated fat has been made obligatory by 
the Government and this has led to the increased use of sesame oil in vanaspati 
industries.^ Because of the increased use of sesame oil, it is necessary to make a 
thorough investigation of the factors affecting its quality, stability and nutritive 
value. Ppticular attention has been paid to the factors affecting the quality of 
the raw oil, as this is the starting material in industries, besides its use for edible 
purposes. The work is divided into two parts : one, dealing with the property 
of the oil obtained from different sources and by different methods, their storage 
and preservation with anti-oxidants, and the other dealing with their digestibility 
and the stability of vitamin A and carotene when dissolved in them. 

( 433 ) 
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Part 1. 

Sain])lcs of sefame oil o))t.H.ined from factories all over India and also those 
prepared in the laboratory have been analysed for some of their physical and 
cljemical properties aiicl tlie results are shown in Table 1. In all cases the acidity 
has been expressed as oleic acid 

Table I. 


Some constants of rate sesame oil. 


£ 

_o 

Oil. 

Acidity. 

CoLonn 

noxj) 

IX Lovi- 

UXTT.S, 

Peroxide 

Unsaponi- 

P 



Yellow. 

Hod. 



1 

Factory ... 

0-7 

5*0 

O'C 

2*9 

0-7 

o 


1-2 

6’0 

0-8 

2-6 

l-O 

3 


1-7 

5-0 

D'5 

2'n 

PO 

4 

4 « • . . • • • • • • 

1-9 

a-0 

0-7 

M 

1-0 

5 



2-1 

C-0 

1-3 

C'8 

0'9 

6 


2-5 

6-7 

1-0 

6-3 

0-9 


„ 

2-S 

7-0 

2-n 

11-9 

0-9 

8 



3-8 

7-8 

2-0 

3-6 

1-1 

9 


4-0 

6-4 

2 0 

4-0 

0-9 

10 


4-ri 

7-0 

1-5 

11-7 

0-9 

11 

,, ... ... ... 

G-I 

8-0 

1-5 

21-3 

O'n 

12 



7-0 

9-n 

4-0 

40 

1-0 

13 

Cold-drawn, laboratory oil, white 
seeds. 

■ 0-8 

o-O 

0-8 

0-4 

1-0 

14 

Cold-drawn, laboratory oil, blaeh 
seeds. 

31 

6-0 

1-0 

1-3 

1-1 

15 

■ 

Hot-prosspcl, No. 13 

1-2 

rvi 

0-7 

0-S 

1-0 

16 

Hot-pressed, No, 14 

4-9 

8-0 

0.0 

2-3 

1-1 

17 

Seeds No. 13, stored in gunny bags 
for three months, cold-drawn. 

3-4 

7-0 

3-0 

2-8 

1‘0 

18 

Do. stored in nitrogen 

0-9 

GO 

1-0 

1-2 

1-0 

19 

Do. stovcti in carbon dioxide ... 

1-4 

6-0 

2’0 

1-0 

0-9 
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A sain23]e of high f.f.a. oi] was divided into four hatches. The first was the 
control, the second was neutralized by jiassing it repeatedly through a bed of quick- 
lime, the third was treated with animal charcoal, and the fourth was subjected 
to steam distillation, till it Avas odourless. The constants and the induction period 
(at 65°C.) are given in Table III ; — 


Taupe III. 


Numher. 

1 

Samplft'. 

i 

Aoiflity. 

Peroxide 

valne. 

i 

Induction 
period 
in lionr.'!. 

1 

1 j 

linir ... 

7-0 

1-2 

3-0 

0 

Neiitrnli/C(l 

0-0.5 

M 

1 

n-0 

3 

Eocolorizefl 

1 

CyS 

1 

1-4 

i 

.a-.T 

4 

1 

Ste.Ain flisfcillwl 

6-8 

0-0 

3-0 


In the second set, three samples of oil of high, low, and average f.f.a. were 
saponified. The unsajjonifiable inatter was tested on fresh butter-fat (ghee) for 
its pro-oxidant property. The unsaponifiable matter was obtained from 10 g. 
of oil and was used with 10 g. of ghee. The results are given in Table IV ; — 


Table IV. 


! 

Oil acidity. 

j 1 

Peroxide 

value. 

! 

IXmJCTION PERIOD AT 
' AST/. IN HOURS. 

1 

Protection 

factor. 

i Ghee. 

j 

1 Ghee plus 

' unsaponifiable 

1 matter. 

0-S 

i 

0-4 


1 77 

C-0 

2-1 

fi-8 

11 

1 C2 

3-S 

7-7 

9-0 

! 11 

1 

16 

‘ 0-5 


As the f.f.a. and peroxide value increase aboAm 1 per cent, the storage property 
of sesame oil is reduced. In the case of low f.f.a. oil, refining process adversely 
affects the storage property due to inactivation of the anti-oxidant factor, Avhile 
in the case of liigh f.f.a. oil' refining iwocess (removal of f.f.a.) improA^es the storage 
property on .account of the remoAml of the pro-oxidant f.f.<a. 



K. Ihmam.mti and B. N. Banerjee. 


' 437 

Tho prosorvntion of edible oils and fats with anti-oxidant is resorted to 
nowadays. Tho cdect of certain well-known anti-oxidants ethyl and propyl gallato 
and N.D.G.A. (American) has been tried on samples of raw sesame oil of different 
f.f,a.-and refined oils from them. Tho results arc shown in Table V : — 

TAni.R V. 

The effect of anlt-oxtdmUs on scsanic oil. 





i 

PnoTECTros tactor at Ofl°C. 

Xiimlicr. 

.Aculity. 

Anli-oxitiant. 

i 

(MneentrAtion. 1 
\ 

1 

Raw oil. 1 

1 

Refined oil. 

1 

1-1 

Rtlivl qnllatc 

' 0-03 ! 

5 

8 

O 

M 

Propvl qallnto 

oo.a 

3 

5 

3 

M 

N.D.G.A. 

O-O.'S 

7 

13 

i 

■1-0 

Ktliv) cnllntp 

00.3 

O 

4 

i] 

■to 

Vrouvl qjUInto I 

1 0-03 ; 

2 ! 

5 

fi 

4-0 

X.D.O.A. 

o-n.'i 

5 i 

1 0 

7 

"•0 

EthvI cnll'ilc 

0-03 i 

... 

2 

8 

7 -n 

Propyl cnllnlo | 

1 ()-03 

1 

2 

0 

7-0 

X.D.G.A. 

: 0-0.7 1 

I i 

3 

a 


jS’.D.G.A. is a better protective apent than ethyl or propyl gailate which are 
about equal in potency. With lower f.f.a. (less than 2 per cent) protection is better 
than higher f.f.a. (more than 4 per cent) and is double with refined oil compared 
to raw oil. 


Part II. 

Digeslibililj/ in vitro. — The hydrolysis was carried out using the experimental 
procedure of Weinstein and AVynne (1935-36). The experiments were carried 
out with raw and cooked oil. The results are given in Table VI : — 

Table VI. 


Hydrolysis of sesame oil with swine lipase (in vitro). 


P<yt or oil. 

C.C. or S/IO AOKAW REQUIRED AT 1 HOUR INTERVAE. 

-e-j-j 

I K 

Fried. 


Pried. 

1 

1 

! § 

1 

i 

‘E 

Raw. 

Fried. 

cS 

« 

Fried. 

Fresh cow shoe ... 


1 

0-06 ^ 

2-2 

, 2-0 

4-0 

1 

3-7 

C-8 

6-4 

8-2 * 

i 7-9 ^ 

10-5 

9-9 

Fresh oil 


0-6 

1-0 

1-1 

2-2 

20 

3-8 

3-6 

4-4 

1 4-3 

S-6 

6-3 


f 

1-3 

1-2 

1-0 

2-2 

2-1 

3-8 

3-6 

4-4 

1 4-2 

a-5 

5-2 



2-5 

1-0 

10 

1-9 

1-6 

2-9 

2-5 ' 

3-8 

3-2 

4-8 ! 

4-5 

Market oil 

1 

3-4 

0-8 

0-9 

1-8 j 

1-5 

2-7 

2-4 

3-5 

3-2 

4-4 ! 

4-0 



4-2 

0-6 

0-4 

1-7 

1-4 

2-1 

1-8 

3-3 

3-0 

- 4-2 : 

3-8 



5-4 

0-0 

0-4 

1-3 ! 

1-1 

1-7 

1-S 

2-9 

3-0 

3-7 ^ 

3-0 

— 


7-7 

0-6 

0-3 

1-1 

0-8 

1-7 

1-2 

2-0 ! 

1-3 

2-8 ! 

1-6 


5 

j 
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'ms ' 

' ' ' Sesame oil, like ground-nut oil, shows a decrease in the rate of hydrolysis with 
• increase in the'f .f .a. of the oil. This decrease is more marked when the f .f.a. exceeds 
2 pet’ cent and the rate of .hydrolysis is decreased from the beginning, unlike 
ground-nut oil. . There is no difference in the rate of hydrolysis between raw and 
cooked oil. In order to find out the retarding agent the following experiments 
were undertaken. Sample 12 was divided into three batches ; the first was the 
control, the second was treated with water, and the third was treated with a 
solution of sodium bisulphite. They were hydrolysed before and after cooking 
treatment. The constants and the rate of hydrolysis are given in Table VII : — 


Table VII, 


i 

Constant. j 

! 

T.’xTnnATEn oir,. 

1 

W.A,TEn-WA.StIEn OIL. 

Bl.SrLrniTF.-TEEATED 

OIL. 

1 

Raw. 1 

1 

Cooked, i 

i 

Raw. 

Cooked. 

[ Raw. 

1 

Cooked. 

Acidity ... ... i 

7-0 

1 

j 

7*1 ! 

1 

1 

6-S 

7-0 

7-0 

7-1 

Peroxide value 

I 

1-2 

,4-0 1 

1-2 

I 4-2 

1 

1-3 


Kriess value 

13-0 

16-0 

' I 

1 i 

lO'O 

12*0 

1 

Ro 

1 ' ’ ^ 1 

2-0 1 

1* . . 

1 

1 

i 

H 3 'clrolyEis as c.o. of X/10 
alkali in Lours •. 


■ 



1 

j 

! 

i 

' 

1 

0-6 

i O'G 

i 

0-4 ! 

0-4 

i-o 

1 

1-0 

2 

! 

1-1 

1-0 

po 

! 

1-3 

2-0 

1-9 

3 

1-7 

1-G 

2-4 

2-2 

3'6 

! 3-C. 

i 

4 

2-0 

2-0 

2-7 

2-4 

4-0 

CO 

i) 

2-S 

2-0 

1 • 

1 ■ 

3-8 

3-3 

0*5 

1 

1 

1 5‘5 


The Kriess value is expressed as R/L X C where R is the tintometer reading, 
,L length of the cell and C is' .the concentration mf wl in gramme per 'c.c. of the 

.total.solution, . : 

' . It is the aldehyde produpt that retards the, digestibility of sesame oil. This 
accounts for the negligible difference iirhydrol^^sis on cooking. 
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The effeci of acidify on tlio inact ivat ion of caroteuc in glico in contact witli 
EC 5 amc oil I)}’ carotene oxidase has been studied using a slight modification of 
Sumner and Stunner's (1910) inctliod. The results <arc given in Table VIII ; — 

Table VIII. 


The effect of sesawe oil o» the inactivation- of carotene in ghee. 




Caiiotcxe context or ghee 0-22 mg./IOO q. 


.V'iilifv. 

■ 

M". c.irotciic/lOO p. phcc at half-Iioiir intervals. 



5 

1 




0-22 

0-22 

0-22 



0-22 

0-22 

0-21 

1 

'd-G 

0-21 

0-20 

0-19 

( 

1-2 


0-21 

0-20 


2-5 

0-10 

0-15 

0-12 

Sfarket ... ... ■( 

tl-t 

010 

0'09 

O-OG 

4-2 

Oil 

0-07 

0‘05 


fr4 

o-on 


O-OG 

1 


007 

0-04 

001 


High f.f.a. sesame oil accelerates the inactivation of carotene in ghee by 
carotene oxidase. Tin's is similar to ground-nnt oil, but tho inactivation caused 
by sesame oil is greater than that of ground-nut oil of the same acidity. 

The stability of vitamin A dissolved in sesame oil of varying acidity has been 
studied and the results are given in Table IX. Fresh shark-liver oil vas used as 
the source of vitamin A. The cficct of refining and cooking the oil on the stability 
of vitamin A has also been studied. The peroxide value of the oils was also 
determined. 

Table IX. 


Stabilitg of vitamin A in sesame oil. 


Acidity. 

• Pebovide value or 

Percentage inactivation or 
VITAJIIN A IN 3 HOURS. 


1 Uav. 

1 Refined, * 

1 t 

1 i 

Cooked, j 

Raw. 

Refintd. 

j Cooked. 

0-8 

0-4 

1 

1 0-3 

1 

1 

0-6 ' 

1 

1 


1-9 ’ 

1-1 

0-5 

4-0 

ic 

1 

20 

3-0 

0-3 

2-0 

13-0 

33 

10 


,t0 

11-7 

2-7 

14-0 

60 

15 

- 62 

7-7 

21-0 

3-0 ! 

23-0 

GO 

! 15 

GG 
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The inactivation of vitamin A begins when the acidity of the oil is more than 
1 per cent, and steadily increases with the acidity of the oil. Eefining the oil 
considerably prevents the inactivation of vitamin A, while in cooked oils it is more 
xiustable. The sta])ility of vitamin A in sesame oil is related to its peroxide value 
as well. 

Summary. 

The acidity of common sesame oil is quite high. On storage of seeds acidity 
rises, but in an atmosphere of nitrogen or carbon dioxide the rise is very much re- 
duced. Acidity above d per cent, peroxides and heat treatment act as pro-oxidants. 
Anti-oxidants preferably N.D.G.A. rather than ethyl or propyl gallate help store 
oil better and the protection is better with lower acidity of the oil. Aldehydes 
present in high acid oil retard digestibility. Peroxides destroy carotene and 
vitamin A vdien sesame oil is used as solvant. 


Thanlvs are due to the Lady Tata Memorial Trust for the award of a scholar- 
ship to one of us. 
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Opium Addiction in Assam, 


of this drug habit during the years 1935-38. The results of our observations are 
summarized in Table I 


Table I. 

Shoiving incidence of opium addiction in various districts 
of Assam during the year 1938-39. 


District. 

Annual consumption per 
10,000 population in lb. 

Karnrup 

1.5-8 

Goalpara 

0-5 

Cachar 

12-0 

Khasi and Jaintia hills 

20-0 

Naga hills 

19-0 

Dalipara Frontier tract 

58-0 

Darrang 

40-0 

Nowgong including Mikir hills 

50-0 

Sibsagar including Mikir hills 

80-0 

Lakliimpur 

118-0 

Sadiya Frontier tract 

178-0 

Province as a whole ... ... 

25-0 

Standard laid down by the League of 
Nations (1930) for medical require- 
ments of a country. 

6 lb. per 10,000 population 
per annum. 


It would thus be seen that the consumption of opium in all the districts except 
Goalpara is much higher than the standard laid down for medical purposes by the 
League of Nations (1930). The incidence is alarmingly high in the upper Assam 
valley, particularly in the tribal districts of Sadiya and Lalchimpur, where it goes 
up to 1781b. and 1181b. respectively per 10,000 population per annum. The 
opium conference at Simla in 1930 marked these areas as ‘ black spots ’ of the 
Province. The drug was mostly smoked in these areas which necessitated a much 
larger dosage of opium per head than when taken in the form of pill. It would 
further be seen that in the plains much less opium is consumed when compared 
with the hilly border districts. In the plain districts and in Goalpara the consump- 
tion is even lower than the League standard being only 0*5 lb. per 10,000 
population per annum. The comparatively high consumption rate in Cachar 
is due to the fact that Northern Cachar hills are malarious and the labourers 
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omployed in the titnbor iiulusiry smoke. Ihc flnig nndor the helief that it has a 
prophylncf ic cft'cct. 

AxTI-OPH'M CAMl'ATGN OF TjnC FIRST COXORESS GOVERNMENT IN 1938. 

As early a.s 1925 tlic A.ssam Provincial Congress Committee realizing the 
(lomonilizing clTeet.s of tlic ojiinm liabit and its cxtcn.sivc prevalence among the 
poinilation appointed an inquiry committee to study the problem in detail (Assam 
Congre.s.s Inquiry Committee's Keiiort on Opium Habit, 1925). The available 
(lata and sugge.stions embodied in ( bis Keport arc in an excellent work of reference. 
In 19.38 when the first Congre.ss Government came into power these recommenda- 
tions were iinmcdiatch' given etlcct to. Having provided the neces.sary legislatiire’.s 
s.aiiction tlic Provincial Government decided to stop the use and sale of the drug 
comjilctcly and suddenly in the. three ujqicr di.stricts ns an experimental measure, 
although the prohibition meant a considerable lo.ss of revenue to the already poor 
and undeveloped Province of Assam. On the 1st of ‘ Baisaldi Hindu Hew Year 
day (13th April, 1938), one of the authors (G. S. C.) was asked to assist the Govern- 
ment in conducting this great o.xpcriment of jirohibition hitherto not attempted 
elsewhere. Vigorous jirojiaganda was carried out through the local Congress 
•Committee, hlissionary Societies and other educational institutions all over the 
Province. Public meetings were organized, and pamphlets and leaflets advocating 
the harmful effects of the opium habit were distributed freely. The evils of the 
habit «aud the nccc.ssity and the efficacy of treatment were also impressed. This 
lielped a good deal in preparing the ground for a mass campaign to eradicate 
the evil. 

Cen,sv'.s of addicts. 

Before actually .starting tlic cainjiaign, a census of both the registered and 
unregistered addicts was carried out with the help of the local Excise and Police 
personnel. The unregi.stcred addicts, i.o. those who were taking the drug through 
illicit means all over the area, wore told that no action would be taken against 
them for revealing their identity. The survey we have made leads us to believe 
that the actual figures on tlie official register do not represent the exact number 
of addicts. There may probably be 20 per cent more addicts who were not 
registered but who consumed the drug throiigli illicit sources. The percentage 
of registered addicts to the general population in some auas was as high as 5. 
The total numlier of addicts traced in these areas were 12,460. 

Medical tkeat.ment centres. 

Special opium-addiction treatment was made available in all the Government 
fmd Tea-Garden Hospitals which were spread all over the area of prohibition. As 
these institutions were not considered enough to cope witli the rush of addicts 
in a short period of 12 weeks, additional treatment centres were opened at the 
following centres ; — 

Jorhat, Tiusukhia, Ledo, Sibsagar, Dinjon, Makum, Muran, Diglioi, Chahua, 
Dibrugarh, Jlarghreta and Jaipur. 

Special medical staff of 40 medical men was also specially recruited and 
amed in the authors’ method of treatment for this campaign. 



444 


O'pivm Addiction in Assam. 


Analytical study op the records collected from various 

HOSPITALS AND TREATMENT CENTRES. 

The compilation of records collected, from the various hospitals and treatment 
centres after the campaign ended revealed that 10,200 persons offered themselves 
for the treatment within a short period of 12 weeks. It was, however, not possible 
for a comparatively newly trained staff to keep accounts and records accurately 
for scientific analysis and research purposes in such a large series but there are 
8,000 cases among those who presented themselves for the treatment where 
reasonable data exists for analysis. These are now being published with an idea 
of being of some interest to the Excise and Public Health authorities of certain 
■provinces vdio are experimenting vnth tlie problem of prohibition these days. 
Experience gained in the mtiological factors may be of some use to them. 

.Etiological' factors. 

To eradicate the drug-addiction evil entirely from the life of a nation, it is 
of utmost importance to stud}^ the jetiological factors and the causes which lead 
to and promote this evil. An attempt was made to question each addict with 
regard to causes which lead to the habit ; and other pre-disposing factors, such 
as general health, environment, hygiene, vocation, 'etc., were also recorded. The 
results of the data thus obtained are summarized briefly in Table II : — 

Table II. 


Shoioing factors responsible for the drug habit. 


Casualties. 

Numher. 

Percentage. 

1. Association and example of relatives and friends ... ... j 

. 2,800 

35 

2. To alleviate symptom of a disease or as a cure for certain ailments ... j 

2,000 

' 25 

3. To overcome fatigue 

1,000 

20 

4. For euphoric and pleasure-giving effects 

1,200 

15 

6. To replace .another addiction, such as alcohol ... 

400 j 

5 

. Totai. 

8,000 1 

100 


For more details the readers are referred to our previous studies (Chopra and 
Chopra, 1935, 1937, 1938, 1940a, 19406). 

' It would thus be observed that association and example of other addicts was 
the main factor responsible for a larger percentage taking to the habit. Thirty- 
five per cent of the cases gave this as the exciting cause which made them try the 
drug. Disease comes next as 26 per cent took to the habit believing in its curative 
value for certain diseases and ailments. Fatigue was the third common cause and 
there were 20 per cent who took opium to overcome fatigue in a single dose towaros 
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the evening. Tliey st.nl od that they felt restful .niid enjoyed sound sleep and wore 
,ible to go to work next day fresh again. There were 15 per cent of cases in this 
series who stated that they indulged in the habit merely on account of its 
plKisnre-giving and eujdioric efl'cets. the drug removed the sense of inhibition in 
such persons po.'^.'iihly by dcjwcssijig tlic liighcr centres. Tlioro were a sm.all number 
of imlividiml.s (o ])cr cent) wlio took it to rcjdace tlic alcohol and other drug habits. 
It W.US observed that the moist and hard climate of As.snm, prevalence of nnalaria 
and dysentery in the forests of Assam and lack of jiroper healthful recreation 
provided a fruitful soil for the sjiread of opium evil. Proper study of ajtiological 
factor is very essential to eradicate the opium and other drug habits. 

CAT!;(:onn:.s or addict.s. 

For the purpose of trc.atmcnt, the addicts were categorized into the following 
three groups, according to the intensity of addiction they were suffering from, 
which was determined hy factors such as age. daily dose, duration of addiction, 
general health, etc. [see Table III) : — 


TAnuo III. 

Shoiring grouping of 8,000 rnWfrt.s treated in accordance with the 
intensity of addiction as calculated in respect of factors 
such as daily dosage, age, duration of 
addiction, etc. 


Number Irc.itcd in o.icli 

group. ^ 

1 

t 

Pcrccntngp. 

1 

Daily dosage 
ill grains. 

Maximum ago 
in years. 

Group I 

.. -J.SOO i 

00 

1.0 and less | 

40 

Group TI 

,. 2.400 

:!o 1 

10 to 30 

dO 

Group III 

SOO , 

1 

10 

.31 find over j 

70 


Group I; Consisted of 4,800 (00 per cent) persons of whom all were below 
40 years of age and were taking the drug in doses less than 15 grains a day. 
ad duration of addiction in this group was shorter tlian in groups 11 

Group^ II : 2,400 or 30 per cent in the series who took between 16 
grains a day were classed as group II ; the highest age in this group was 

Group HI ; The rest of the series, i.e. 800 or 10 per cent, fell under this 
them toolc the dru^ in doses of 31 grains a day or sometimes more, 
the average duration of addiction was more than in the previous two groups, 
•lae maximum age recorded wais 70 years. 


Treatment. 

sutj glucose treatment was carried on the same lines as previously 

gges eci by us (Chopra, Mukherjee and Chopra, 1935) following the result of 
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our biochemical and clinical investigations in the Carmichael Hospital for Tropical 
Diseases, Calcutta, in a series of 200 cases. It was established that the lecithin 
and cholesterol contents of blood sera in opium addicts fell to a level below normal 
and that there was also a good deal of de-hydration of tissues during the withdrawal 
period. The present authors (Chopra and Chopra, 1935, 1937) found that, in most 
of the cases, the state of addiction was invariably accompanied by an increase 
in the fluid content of the blood, and were inclined to believe that an excessive 
secretion of body fluids through diarrhoea and vomiting which are common during 
withdrawal period will have a reverse effect, leading to an increase in the percentage 
of serum proteins. 

The work of Chopra and Eoy (1937) on the blood-lipoid changes in opium 
addicts before, during and after withdrawal, led Chopra and Ganguly (1939) to 
actually determine the effect of withdrawal on the blood fluid and also to explain, 
if possible, the rationale of the treatment of opium addiction with lecithin and glu- 
cose. Blood sera from the addicts under treatment were examined for total proteins 
before, during and after the withdrawal of the drug. In most of the cases it was 
found that concentration of proteins present in the serum before treatment under- 
went a definite increase during the withdrawal period and returned gradually 
almost to the pre-withdrawal value after the addict had undergone the prescribed 
treatment. The increase in the total protein content during the period of with- 
drawal, as a general rule, runs parallel to the appearance of withdrawal symptoms. 
Excessive outflow of water from the body causes one of the most marked withdrawal 
symptoms that have Imen observed in almost all the cases studied by us. This 
apparently points to a disturbance in the fluid equilibrium in general. The effect 
of treatment may, therefore, be taken to be to restore it to its previous level. 

Chopra, Mukherjee and Chopra (loc. cit.) observed that increase of the euglobulin 
fraction in the serum of addicts probably meant an ultimate drainage of phosphate 
from the nerve-cells. Lecithin treatment was, therefore, siiggested on that basis. 
In the majority of cases lecithin decreased the intensity of withdrawal symptoms 
and shortened their duration. In spite of its administration, the abstinence 
symptoms were, however, very severe in some of the subjects, and in these cases, 
intravenous injections of 25 cm. of 25 per cent glucose helped to ameliorate the 
condition. Although lecithin by itself was unable to cope with the severity of 
the withdrawal symptoms, it doubtless removed the craving for the drug in the 
majority of cases. 

The role of glucose in coping with the abstinence symptoms can thus be 
understood. By treatment the ultimate effect seems to be the restoration of the 
water-balance. ' Any drug that confers a fluid-retaining power to the blood would, 
therefore, be expected to have good effect. Carbohydrates in general and glucose 
in particular are known to possess this water-retention capacity. Glucose, therefore, 
in addition to stocking the liver with glycogen, to enable it to cope with the unusual 
strain on this organ during the process of elimination of morphine, helps the 
retention of water in the blood and keeps the blood-fluid level at its normal value. 
From the above considerations we may conclude that lecithin tones up the nerves 
of addicts by supplying the lipo-phosphates, and glucose helps to restore the 
disturbed wmter-balance. It is, therefore, not diflicult to see how these two together 
produce the desired effect in removing the drug-craving and alleviating the 
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()!') hsomnici . — Over 70 ]ier cent, cnpcs complained of insomnia on withdrawal. 
For mild cases no treatment was "iven and the patients were persuaded to sleep. 
Simple measures, such ns hot foot-hat h or a dose of hromidcs before retiring, were 
also helpful. In more severe, eases the use of hypnotics, in way of soner}’!, inedinol, 
etc., had to he resorted to. {’arc was taken not to repeat the same drug for more 
than 3 consecutive days for fear that. it. may lead to a substitute drug habit. In 
)aost of the cases insomnia yielded to these measures and the patients felt restful 
and developed confidence in the cflicioncy of the treatment. 

(r) Gastro-i»lr.<ti>ial dislurhinta's. — ^'J'hesc manifested themselves in the way of 
nausea, vomiting and diarrlima. and were more pronounced in case of group III. In 
milder cases sucking of ice or a few drops of adrenaline hydrochloride (1 in 1,000) solu- 
tion was successful in overcoming nausea and vomiting. In a few cases of bdious 
vomiting, resort had to bo made to stomaeh-wash with a soda-bicarbonate solution 
of si to a pint strength. For diarrhoea no .sjiecial treatment wa.s given e.vcept in 
very severe eases where bismuth and kaolin liad to 'le administered by mouth. . 

The devclojmient of withdrawal symptoms was watched in each case ; after 
the 3rd or Ith day of the treatment most of the jiaticnts reported that the discom- 
fort had disappeared to a fair e.xtcnt and exhiiiitcd a complete change in their 
outlook and reported that the drug had lost all its hold on them ; and cpiite a large 
uumher stated that the very smell of the drug jiroduccd a nauseating feeling and 
a feeling of a\'ersion to the nso of the drug. The entire mental outlook of the 
addicts .showed a rcmarkahlo change at the time of leaving the treatment centres. 
Theperson.s who came sad and morose with the usual apathetic and pale look went 
ultli a cheerful and fresh countenance. They ate well ami improved in general 
health and put on weight after ihoir di.sehargc. They became more social, self- 
conscious, .showed an inclination to work and felt interested in their surroundings. 


It KHABn.ITATlO.N- TIIKATMEXT. 

It was not possible to jiroperly organize the treatment during the stages of 
lehabilitation in the case of such” a large series, specially in a comparatively 
backward and poor province. It was pos.sibIe to arrange in a few cases only for 
the vocational and diversionnl post-withdrawal treatment wdiich is so important 
m le-building the sh.attered j)ersonality of an addict. The individuals wdth a 
iien-ous diathesis and liable to suffer from a relapse were kept under observation 
through volunteers and relatives to jmevent them from taking the drug secretly, 
in order to rehabilitate, and train addicts who had been weaned from the drug to 
a new W'alk of life and narcotic-free environment, attempts were made to provide 
ctiveKional therapy in the way of gardening and cottage industries like basket- 
making and mat-weaving. Some showed a relapse to tlie habit during rehabilita- 
tion period and the treatment had to be repeated, sometimes twice. Addition 
of vegetable lecithin in the form of soya beans to tlie diets was helpful in preventing 
relapses. Tbe period of rehabilitation and re-building of personalities in certain 
cases sometimes extended over several months and even up to a year depending 
personality and character of the addict, the cause of 
7 ^crion, t]jg presence of a nervous diathesis, heredity, etc. It is difficult to keep 
.rom taking the' drug those per.sons who suffered from a nervous diathesis with a 
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Glucose injections were also exhausted, hut were locally jnanufactured in the 
Pasteur Institute Shillong ; our demands thus being met up to the end of the 
campaign without much difficulty. • • 


Withdrawal syjiPTOMs. 

In spite of the above treatment there were a good many withdrawal symptoms 
to be encountered, llie principal symptoms observed are detailed in Table W : 

Table IV. 


Slmving principal withdrawal symptoms observed with their relative 
preponderance in the cases of the different groups. 



! 

'Withdrawal symptoms observed. j 

Group I. 
4,800 

Group II. 
2,400 

Group ni. 
800 

1. 

Pain in the body and limbs, cramps, general malaise, ( ; 

3,840 

2,160 ; 

800 


etc. ( ■ 

(80%) 

(00%) ! 

(100%) 

2. 

I^aso-motor disturbances, such as sneezing, running f' 

2,880 

1,920 

720 


from the eyes and nose. \ 

(60%) 

(80%) 

(00%) 

3. 

Cardio-vascular manifestations, such as feeble and ( 
irregular pulse, sinking sensation, cardiac cm-'! 
barrassment, and collapse. f 

OOO 

770 

400 


(20%) 

(30%) 

i (50%) 

4. 

Insomnia ... ... ... ...j 

2.880 

(60%) 

1,920 

(80%) 

i 800 

; (05%) 

5. 

Gastro-intestinal disturbances, such ns nausea, vomi- ( ) 

960 , 

1 720 

! 480 


ting and diarrkma. ( 

(20%) 

(30%) 

(60%) 


(i) Pain in the body and limbs, cramps, etc. — Cramps and pain in limbs, etc., 
are most common and are generally due to de-hydration of the tissues resulting 
from loss of fluid through diarrhoea and vomiting during withdrawal. They often 
yield to simple measures such as massage, warm bath, etc., and may rarely require 
glucose and saline, A. P. C. powder or calcium-gluconate injections. Pain and 
cramps disappeared after 3 or 4 days of treatment. 

(u) Vaso-motor disturbances . — Running from the nose and eyes, sneezing, and 
coughing are of frequent occurrence during the first 3 days of withdrawal. No 
special treatment is indicated. 

(in} CardiO'Vascular sy7npto)ns. — Cardio-vascular disturbances, mostly reflex 
in origin, are observed in the way of irregular pulse, sinldng sensations, heaviness 
in cardiac region and sometimes even collapse. They are more marked in the case 
of persons taking higher doses and in those with longer duration of addiction. In 
mild cases a cup of hot tea or coffee with plenty of sugar helped in alleviating 
these reflex symptoms. In severe cases, cardiac stimulants, such as digitaline, 
cardiazole, coramine and intravenous glucose, may have to be given. In this series 
6 cases died of collapse during the course of treatment. Collapse followed loss 
of fluid on account of persistent vomiting and diarrhoea. 
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It will tlms bo observed that 3,200 persons (40 per cent) of tbe addicts 
ainoncfst tbe present series were completely relieved of the habit at the time of 
closure of the campaign ; 2,400 (30 per cent) succeeded in reducing their daily dose 
by fth'of the original and that 1,600 (20 per cent) showed reduction in dosage by 
half of their, original. There were 800 (10 per cent) who showed little or no response 
to the treatment and amongst these 6 died during the course of treatment. 


Eelation betwef.n age of addicts and results of treatment. 

Table VI shows the relation between the age of the addicts and the degree 
of response to'thc treatment ; — 


Table VI. 


Showing rehlion between the age of the addicts and the effect of treatment. 


Eesult of treatment. j 

AOK or ADDICTS. 

Totals. 

1 

! 25 years 

1 and below. | 

26-40 

years. 

41-60 

years. 

1 

Gl years 
and above. 

Complete euro ... ... I 

280 ' 

1,500 

1 

1 ],.300 

120 

.3,200 

Dosage reduced by 3/4 ... ; 

180 j 

1,030 j 

1,040 

150 

2,400 

Dosage reduced by 1/2 ... ' 

GO ! 

520 1 

820 

200 

1,G00 

Failure of treatment 

1 

.Yi7 j 

80 

200 

■ 520 

j 

800 

1 

Totals ... 

' ■ 020 

! ! 

! 3,130 

I 

3,440 

990 

8,000 


These results are very interesting. It will be seen that the number of 
persons cured in old-age groups was much less than in younger ages. Thus, out 
of 3,200 cases who were completely cured, 1,780 were below 40 years of age, 
1,300 between 41 and 60 and only 120 persons were above 60 years of age. In 
this series there were 520 persons below 25 and out of these 280 got rid of the 
habit completely. There were 3,130 persons between 26 and 40. Amongst these 
1,500 were completely • cured. There were 3,440 persons between 41 and 60. 
Amongst these 1,300 were completely cured of the evil. Amongst the 990 aged 
above 61 years only 120 could get rid of the habit completely. 

Similarly, reduction of dosage was also more marked in the younger cases. 
Conversely, failure of treatment was more marked in the case of higher age group.V 
It will be observed that in the 26-40 age group consisting of 3,130 cases, treatment 
failed in 80 cases only ; in the 41-60 age group of 3,440 cases the treatment failed 
in 200 cases, while in 990 persons aged above 61, treatment failed in 520 cases i.e 
in more than 60 per cent. Thus, the younger persons wmre more amenable to the 
treatment than the older and more conBrraed addicts. 
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ReIjATION between dosage and treatment. 

The effects of the dosage on treatment have been analysed in Table VII : — 


Table VII. 


Showing relation between dosage and treatment. 


Result of treatment. 

Dose in grains : 

1 Total.s. 

1 

l/i and under. ; 

i 

16-.S0 

31 and over. 

Complete cure effected 

1,200 

1,150 

850 

3,200 

Dose reduced by 3/4 ... 

1,020 

750 

030 

2,400 

Dose reduced by 1/2 ... \ 

525 I 

325 

750 

1,600 

Failure ... ... ] 

08 

200 

502 

800 

Totais 

2,843 

2,426 

2,732 

i 

1 

8,000 


It will be seen that cures were more marlred in the case of smaller doses. 'Out 
of 2,843 persons who took the drug in doses under 15 grains a day as many as 1,200 
showed complete cure as compared with 750 out of 2,425 cases who took between 
16 and 30 grains, and 1,160 out of 2,732 persons who took 31 grains and more 
a day. The reduction in dosage was also well marked in case of small-dose group. 
Failures were more conspicuous amongst higher doses. Thus, the results were very 
encouraging in persons who took below 31 grains of the drug a day. 

Duration of addiction and results of treatment. 

These were also studied and the observations are recorded in Table VIII : — 

Table VIII. 


Shoiving results of treatment and duration of addiction. 


Result of treatment. 

DUBATIOr 

10 years and 
under. 

r OF ADDICTION 

11-20 
} years. 

IN YEARS. 

21 years and 
over. 

1 

! 

< 

1 

Totals. 

! 3,200 

2,400 
i 1,600 

1 800 

Complete cure effected 

Dosage reduced by 3/4 

Dosage reduced by 1/2 
Failure 

i 2,585 

315 ■ 

800 

200 

615 

2,065 1 

710 

470 

1 10 ! 
20 i 

90 

ISO j 

Totals 

3,900 

3,850 

250 

8,000 
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It will he seen tlinl cures were morn marked iu cases of shorter dilration 
of addiction, viz. 10 ye.or.s and under wliere out of .3, 900 jicrsons 2,585 completely 
rfs'pondcd to the treat tuenl .os oonpmrcd with 515 out of .3,850 witli 11-20 years’ 
duration and only 10 out of 250 with 21 ycnr.s and over duration. Couvorsciy 
a^ain. the failures of trc.almont. were more marked in tlio ca.se of largcr-duration 
addicts, hut with ahove 21 yo.ars out of 250 )iersons 130 showed no response 
to the treatment. 

SOMM.VRV. 

The .authors liave tried to summarize the re.sulfs of the first large mass-scale 
experiment in total jrroliiliit ion of opium tried 10 years ago by t he Congress Jlmistiy. 
Over ten thousand eontirmed opium addiels oft'ered tlicmsolvcs for the treatment 
within a short period of 12 weeks. T'hc results discussed in the foregoing pages 
prove that the lecithin and glucose, treatment is snilahlc. for mass application in 
areas intensely addicted to opium habit. 

The authors arc grateful to the ironTile Premier Riiri Gopinatii Bardoii who 
w.as kccnlv intcre.«ted in tlio jiroblem and remained most of the time witlt ns and 
encouraged us with his valuable advice at all .stage.s, and .also to Dr. Iv. C, K. E. 
llaja. the Director-General <4 iroalfli Services. New Delhi who very kindly wont 
through the data and gave Ids valuable mlviee and help and encouraged ns" to 
puhlish this work. Our thanks arc also due to Pao Bahadur D. Siiarma, Excise 
Coiurnksioiicr, and to Colonel Ifestorlow .and their staff wlio worked witli n.s night 
and day with unfailing zeal. 
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[Received for publication, .June 7, 19-19.] 

Workers in America and in Europe refer to macrocytic anaemia during 
pregnancy and in puerperium as pernicious anmmia of pregnancy, though they 
diSerentiate it, and rightly too, from Addisonian pernicious aneeraia, as many of 
the criteria of true Addisonian anaemia are not found in this. To avoid any 
confusion between the two conditions, we strongly feel that the term pernicious 
anaemia should be confined to cases of Addisonian pernicious amemia only, and 
that the term macrocytic anaemia in pregnancy should be used for all other cases 
of macrocytic anaemias seen in a pregnant woman or in the puerperium, as we are 
of opinion that anremia seen in the puerperium is only a continuation of the ansemia 
which developed during pregnancy. Probably on these grounds, Davidson, Davis 
and Innes (1942) suggested the term ‘ megalocytic anaemia of pregnancy ’ for these 
cases but later Davidson, Girdwood and Clark (1948) are found again to call these 
cases as ‘ pernicious anaemia of pregnancy and puerperium ’. 

In Europe and America the incidence of anaemia in pregnancy is very low and 
as a cause of maternal mortality, ansemia in pregnancy is almost negligible in those 

( 455 ) 
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countries (Davidson ^ al, ]948). In India, liowcver, aiifomia occupies a very, 
high place in tlie list of causes of maternal mortality and morbidity — in many 
places it is second in list and in some it is even the first (Napier and Neal-Edwards, 
1942). From recent observations, it appears that the incidence of anajmia in 
pregnant women in India is still high not only in the poorer class of jDeople bufin 
the middle class of people as well, probably on account of lack of even the 
minimum amount of animal protein in the . diet due to non-availability and 
very high price of the protein-containing foodstuffs. Ancemia in most of these 
cases falls under the category of ‘ deficienc}'^ dyshacmopoietic ansemia ’ and is 
macrocytic in type. Encouraged by our results with ‘ folic acid ’ in cases of 
nutritional macrocytic anminia in the general population (Das Gupta and Chatterjea, 
1946), we undertook the stud}' of its effect in cases of macrocytic auremia in 
])regnancy. the hmmogram and marrowgram of which are indistinguishable from 
tlie cases of nutritional macrocytic anaemia. Another reason for undertaking this 
work is the paucity of re^iorts on the effect of ‘ folic acid ’ in cases of aufemia 
in pregnancy. 

Selection of cases . — Cases of grave anmmia either during pregnancy or within 
a few days of confinement were selected ; many of the cases had previously a few 
injections of liver extracts of unknown ])otency prior to folic-acid therapy and 
some of them had transfusion of blood as well. The red cell count in most of the 
cases was in the neighbourhood of one million and only in a few cases this was 
above 1'5 million. The anaemia was generally jnacrocytic in type though in a few 
cases the mean corpuscular haemoglobin concentration was low, denoting dimorphic 
nature of the anaemia. Sternal puncture was done on many of tlie cases, the bone- 
marrow in all the cases was cellular and in most of the cases the marrow was 
.megaloblastic. The cases will be considered under two main groups : — ■ 

Group A : Gases where the treatment was given during pregnane}'. 
Group B : Cases where the treatment was given within a few days after 
confinement or started just a day or two before confinement. 

Method of study . — Treatment with folic acid was started without waiting 
to find out the effect of hospitalization as many of the cases were very anocmic and 
also on account of the difficulty of keeping the ])atients over a long period. In 
most cases examination of the IjIoocI was supplemented by examination of the 
bone-marrow material obtained by sternal biopsy ; in describing the immature 
cells of the red cell series, Israels’ (1939) nomenclature was followed. Keti'culocyte 
counts were done from tlie 4th to about the 10th day of folic-acid treatment and 
detailed exa.mination of the blood was carried out about once a week. 

Method of administration and dose . — Folic acid (Folvite tablets, Lederle) was 
aiffays given orally in doses of 30 mg., 20 mg. and 10 mg. a day. All the cases 
excepting 3, 1 in group A and 2 in group B, were treated with folic acid and except 
in 2 cases in group B folic acid was the only hannatinic given at any time. 


Kesults. 

Group A : There were 18 cases in this group. Of these 3 patients died, 1 on 
the 2nd day 1 on the 3rd day and 1 on the 8th day after folic-acid treatment— m 
the last case examination of the blood on the 7th day showed some improvement 



C. Ji. Das Giiqifa, J. B. Chafterjea and K. K. Mathen. 451 

iu the blood picture though the patient died the next day. One patient left 
hospital on the 10th day of treatment; this patient showed clinical improve- 
ment hut a second blood count was not done before she left the hospital. The 
results of treatment in the remaining 14 cases along with the relevant data are 
shown in Tabic I and Charts in the P scries {sec Plate IV). 

Group B ; There were 27 cases in this group. Of these 5 died, I on the same 
day, 3 on the 2nd day and ] on the 1 7th day from an attack of pneumonia ; this 
last])atient had shown excellent response both clinically and hsematologically within 
the short ])criod. Five jjatients left the hospital during the course of treatment, 
1 on the Ith day, 1 on the Gth day, 2 on the 9th day and 1 on the 10th day of 
treatment. A second blood count was done on 2 jiatients who went away on 
the 9th as also on the patient wlio went on the 10th day and all the 3 cases showed 
moderate improvement in their blood pictures. The results of treatment iu the 
remaining 17 cases together with the relevant data are shown in Table II and 
Charts in the C series (sec Plate V). 


AKALy.SIS OF THE DATA OF THE CASES SHOWN IN TABLES I AND II. 

Hamograw . — The blood pictvu'e was dimor]diic in typo in 9 cases : in 4 cases 
in group A (Nos. 11, 12, 13 and 14) and iu 5 cases in group B (Nos. 13, 14', 15, 
16 and 17). The blood picture in the remaining 22 cases was macrocytic iii type 
and simulated the blood picture of cases of nutritional macrocytic ansemia. 

Marrowgram . — Group A: Sternal puncture was done in 11 cases and in all 
these cases the marrow was found to be megaloblastic, either frankly or slightly ; 
details are given in Table I. 

Group B: Sternal puncture was done in 12 cases: in 3 cases the marrow 
was normoblastic and in the remaining 9 cases the marrow was megaloblastic, either 
frankly or slightly ; details are given in Table II. 

licticulocglosis . — ^Thc reticulocyte response was denoted as excellent if the 
peak reached the expected height according to the RkkUe chart ; good if the peak 
was about 75 per cent, and fair if it was about 50 per cent of the expected height. 

Group A : Heticulocytosis was excellent in 3 cases (Nos. 2, 6 and 12), good 
in 2 cases (Nos. 4 and 7) and fair iu 4 cases (Nos. 1,9, 11 and 13). 

Group B : Reticulocytosis was excellent in only 1 case (No. 1), good in 4 cases 
(Nos, 2, 7, 12 and 13) and fair in 6 cases (Nos. 5, 6, 9«, 10, 14 and 15). 


Rate of improvejient op the red cells per day for the first 

TWO weeks. 

According to the formula of Riddle 1 — 0'93 — 0’214 EO ; where 1 is the 
improvement rate and EO is the erythrocyte count before therapy (Della Vida 
and Dyke, 1942). . 

Group A : The red cell count increased up to about the expected range in 
2 cases (Nos. 3 and 12), to about 75 per cent in 5 cases (Nos. 1, 2, 4, 5 and 8), 
to about 50 per cent in 5 cases (Nos. G, 7, 9, 11 and 14) and less than 50 per cent 
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of the expected rise in 2 cases (Nos. 10 and 13). In case No. 8, with the increase 
of the dose from 10 mg. to 30 mg., the improvement rate increased from about 
75 to 100 per cent. 

Gkoup B : Increase of red cells up to about the expected range was noted 
in 6 cases (Nos. 1, 2, 4, 5, 7 and 13), up to about 75 per cent in 3 cases (Nos. 6, 
11 and 14), up to about 50 per cent in 1 case (No. 3), increase less than 50 per cent 
in 2 cases (Nos. 8 and 10) and only slight improvement in 3 cases (Nos. 9, 15 and 
16). With increase of dose from 10 mg. to 30 mg. case No. 9 showed increased 
rate of improvement. 

Final improvement. 

Group A : The improvement was very good in only 1 case (No, 1),- good in 
8 cases (Nos. 2, 3, 4, 6, 7, 8, 9 and 11) and fair in 3 cases (Nos. 6, 12 and 13). 

Group B : Very good improvement was noted in 4 cases (Nos. 1, 2, 3 and 5), 
in Nos. 1 and 2 after 30 mg. and in Nos. 3 and 5 after 20 mg. Good improvement 
was noted in 3 cases (Nos. 4, 7 and 13). The improvement was fair in 6 cases 
(Nos. 6, 8, 10, 11, 14 and 16). Case No. 16 was also given ferrous sulphate along 
with folic acid. 


Correlation between the various factors. 

(i) Bone-marroxv reaction with other factors. — In cases with megaloblastic bone- 
marrow, there does not appear to be any correlation of the number of megaloblasts 
in the marrow with the reticulocyte response, or with the rate of improvement 
of red cells or with the final improvement. Of the 3 cases with normoblastic marrow 
in group B, one case (No. 4) with 20 mg. showed good final improvement which 

' was preceded by very good improvement rate in the red cell count in the initial 
stage but was attended with only moderate reticulocytosis. A second case (No. 15) 
showed fair reticulocyte response but both the rate of improvement and the final 
improvement were very poor ; this patient later improved on iron. 

(ii) Reticulocytes with other factors. — In either group, no correlation is seen 
between the reticulocyte response and the dose of folic acid and/or the reaction of 
the marrow ; neither is any correlation seen between the reticulocyte response 
and the rate of improvement of the red cells and/or the final improvement. 

{iii) Initial rate of wi^rovement of red cells with other factors. — In many cases 
the initial daily improvement rate during the first tw'o weeks was not a true index 
,of the final improvement, nor was there any correlation between the initial improve- 
ment and the reticulocyte response. The improvement rate did not seem to depend 
on the percentage of megaloblasts in the marrow, but the improvement rate 
appeared to be poorer with 10-mg. dose than with 20-mg. or 30-mg. doses. 

{iv) Dose of folic acid with other faclors.-:-ln both the groups, the patient 
receiving 10 mg. a day showed ^loorer response in almost all aspects as compared 
to those receiving 20 mg. or 30 mg. a day. In a few cases (No. 8 in group A and 
No. 9 in group B), the response was even found to be enhanced by increase of 
the dose from 10 mg. to 30 mg. There does not, however, appear to be any great 
difference in response in the different aspects between 20-mg. and 30-mg. doses. 
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(n) J'inaJ improvement with other factors . — lu both tlio groups final improvement 
was found to be clcfinitclj' better witli 30-mg. and 20-mg. doses tlian with 10-mg. 
dose, hut there docs not scorn to lie iiny correlation with other factors, viz. reaction 
of the marrow, reticulocyte response and initial rate of increase of red cells. 

IteJative ejficacn of folic acid and other hxcmalinics in the different type . — One 
case (No. 10 in group A) did not show any improvement with folic acid though she 
showed some im])rovomont with jirotcolysed liver extract given before folic acid 
and later showed very good improvement with liver e.xtract given pareJiterally. 
A case of dimorphic aiuemia (No. 1-1 in this group) with slight megaloblastic reaction 
of the marrow showed good inrprovement with iron — folic acid was not given to 
this case. 

In group B, 1 case (No. 12), with frankly megaloblastic reaction of the marrow, 
showed excellent improvement with ])roteol 3 *scd liver extract given by mouth — • 
the rate of improvement of the red cells as also the final improvement were perhaps 
the best in the whole .series. A case of dimorphic aiic'cmia with normoblastic 
marrow (No. 15) showed very little improvement with folic acid but showed better 
improvement with ferrous sulphate given after folic acid. A second case of 
dimorphic anmmia (No. 1C) showed moderate improvement with combined 
treatment with folic acid and ferrous sulphate, while a third case (No. 17) with 
normoblastic marrow showed good im])rovoment with ferrous sulphate alone. 


Biscussion. 

.The results of our })roscnt stud}- indicate that synthetic folic acid (Lederle) 
is a potent heematinic in the treatment of macrocytic ancemia in pregnancy. 
The results also indicate that cases of dimorphic anminia do not respond so well 
to folic acid as do the cases of frankly macrocytic anEomia resembling the cases 
of nutritional macroc^'tic anaemia in the non-pregnant females and in the males. 
It will also be noted that the response to folic acid in the cases of normoblastic 
marrow was poorer than what was generally seen in cases with megaloblastic 
marrow. Exception, how'cver, wms seen in 1 case (No. 4 of group B). This case 
showed quite good re.sponse to folic acid though the reaction of the marrow was 
normoblastic. 

The examination of our data in Tables I to IV shows that in the cases under 
review the minimal optimal dose must be nothing less than 20 mg. a day, and 
some^ of the cases may even require '30 mg. a da)^ It may be mentioned here 
that it has been our experience that the dose of liver extract required to get the 
best results in the treatment of ’severe cases of macrocytic anmmia in pregnancy 
IS much bigger than w'hat is usually required for the treatment of uncomplicated 
cases of nutritional macrocytic anaemia. The increased dose of hmmatinic required 
m these cases may be explained on the following grounds : Dmmg pregnancy 
there is always an increased demand for the erythrocyte maturing factor to meet 
the extra requirements of the foetus, which, without any. consideration about the 
Murce of supply, continues to draw' its full quota mercilessly from the mother. 
1018 together -with the diminished intake of food, as is usually the case with these 
patients, may so deplete the reserve that to get any appreciable response the 
hssmatinic must be sujiplied in much bigger doses than what are usually required 
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in the treatment of uncomplicated cases of nutritional macrocytic anjemia- 
Probably on these grounds, Davidson et al. (1948) used 10 mg. a day, after initial 
dose of 20 mg. to 30 mg. for a few days, in treating the cases of pernicious anfemia 
of pregnancy, though Davidson and Girdwood (1947) used only 5 mg. of folic acid 
per day in other cases and , strongly criticized the use of folic acid in doses of over 
5 mg. a day. Even then the response they obtained was only fair in comparison 
to the response that we obtained with bigger doses. On the other hand, excellent 
results were obtained by Moore el al. (1945) by using' 20 mg. a day intravenously 
and recently by .Benjamin (1948) by using a very big dose, e.g. 135 mg. a day. 
IVe, however, feel that the use of such big doses is not at all justified, specially on 
account of the limited a\^ailability of the drug and its high cost. ^Ye are, therefore, 
strongly of the 0 ])inion that in the treatment of macrocytic ancemia in pregnancj^ 
folic acid must be given in doses of 30 mg. a day to start with, which, however, 
may be brought down to 20 mg. or even 10 mg. a day after 10 or 15 days. From our 
experience we are also of the opinion that treatmejjt with folic acid should generally 
be continued for 30 days, which is usually sufficient to im])rove the blood picture 
considerably and in some cases may even bring it to about the normal level. 
In cases where tlie treatment is given during pregnancy, after the first course of 
treatment with satisfactorj’- results, it is desiral)Ie that the treatment with small 
dose of folic acid, e.g. 5 mg. a day, should be continued till the termination of 
pregnancy. It is needless to add that in these cases the examination of ))lood 
must be carried out periodically and, if the blood values show any tendency to fall 
at any tune, the dose of folic acid should at once be increased. 

The reticulocyte response w'as high in many cases and was generally much 
higher than W'^hat is usually seen after potent li\mr extracts. In most cases the 
initial reticulocyte response did not, however, give any accurate indication of the 
final improvement. A correct indication about the final improvement was also 
not obtained by oljserving the rate of initial red cell increase according to the 
formula of Della "Nfida and Dyke (loc. ciL). In other words, there did not appear 
to be any strict correlation between the initial hmraopoietic response as shown by 
reticulocytosis and the rate at which the red cells increase during the first two weeks 
with the final improvement. 

Though folic acid was given to majoiity of the cases in the series, liver extracts, 
parenteral or oral, were tried in a few cases of macrocytic anaemia and ferrous 
sulphate in a few cases of dimorphic anaemia. It will be noted that in the frankly 
macrocytic anaemias with megaloblastic marrow, the results obtained with liver 
preparations were as good as those obtained with folic acid as in case No. 12 of 
group B and in case No. 10 of group A. In cases showing evidence of dual 
deficiencj^ the dimorphic anaemias, folic acid is not as effective as in the cases of 
macrocytic anaemias with megaloblastic marro^v. On the contrary it will be noted 
that in some of the cases, e.g. No. 14 of group A and No. 17 of group B, the 
improvement noted ivith ferrous sulphate alone w'as much better than what was 
noted with folic acid alone. It will also he noted that all cases of macrocytic 
anaemias with megaloblastic reaction of the marrow do not react to folic acid, 
e.g. case No. 18 of group B. This patient failed to react to folic acid but reacted 
well to liver extract. A contrast is provided by jDatient No. 11 of group A which 
did not react to liver extract but reacted well to folic acid. 
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Summary. 

]. S^uitlictic folic acid (Lcderlo) is a potent hicmatinic in tlie treatment of 
macrocytic anremia in pregnane}' Mith megaloblastic marrow. 

2. It sbonld bo given in doses of 20 mg. to 30 mg. a day.- 

(?) In the ])rcgnant cases, the treatment shonid be given for 30 days in 
the first instance, which gcneniliy helps to bring the blood picture to 
iibout the normal level, and then continued with 5 mg. a day till the 
termination of lircgnancy. 

{?'?) In cases where treatment is given after confinement, the therapy should 
be given for about 30 days which is usually sufficient to bring the 
• blood picture to about the normal lev'cl. 

3. Not all the cases of macrocytic amcmia with megaloblastic marrow react 
to folic acid though they ma\’ not really be refractory cases as they respond to liver 
given subse(picntly ; on the other hand, cases not rcsjjonding to liver were found 
to respond well to folic acid. 

4. In some cases the response to treatment with liver e.vtracts, given paren- 
terally or orally as protcolysctl liver c.vtrivcts, was found to be quite as good as seen 
after folic ircid. 

5. The cases of dimorphic aiifcmia do not react very well to folic acid. 

f'o.N'CIA’.SION. 

Folic acid in doses of 20 mg. to 30 mg. a day is a potent hmmatinio in the 
treatment of macrocytic anremia in jnegnanev, but it has got its limitations. To 
get the best results, it is imj)crutive that before instituting treatment with folic 
acid, which is fairly ex])ensivc and is not easily available in India, the blood and 
if possible the bone-marrow of tlic jjatient must l)o carefully e.vamincd according 
to modern hiematological technique to find out the suitability of the case. 


This work was carried out mainly on patients in the Eden Hospitals, Calcutta, 
under the care of Professor M. N. Sarkar, b.a., m.b., f.r.c.s., f.r.o.o.g., 
Professor G. B. W. Fisher, f.r. C..S., M.u.c.o.c;., and Professor S. Bose, b.sc., m.b., 
F.R.C.S., M.B.C.O.G., and a few cases in the Campbell Hospitals under the care 
of Dr. C. Mukherji. Our grateful thanlrs are due to all these officers and their 
house-staff for their active co-operation. Our thanks are also due to Mr. S. Ghose, 
Research Assistant, Hrematological Unit, I.R.F.A., and to Mr. A. K. Biswas, 
Laboratory Assistant, Endowment Fund, for technical assistance. We are thanlc- 
ffil to Messrs. Ledcrle Laboratories Division, American Cyanide Company, New 
York, N.Y., for the supply of Folvite tablets. 
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red cell count, liasinoglobin and mean corpuscular value, has been worked out for 
the two series separately and tabulated below. Similar correlation of the change 
in blood picture with the reticulocyte peak is also given in the same Table. None 
of the correlation coefficients is significant ; — 

Table. 


Fugues of correlation bekveen number of megaloblasts and reticulocytes 
with the change in r.b.c., Hb. and m.c.v. 


i 

I Increase in 

Increase in 

Hecrease in 

1 r.b.c. i)cr day, j 

1 

Hb. per day. 

m.c.v. per day. 

A 0-37 

0-42 

0-21 

Number of megaloblasts in innrrou* - 

{ -O'Ol 

- 0-10 

■ - 0-23 

f A - 0-04 

Refcicnloci’te peak ... ... -. 

( B 0-09 

- 0-20 

0-42 

0-40 1 

1 1 

0-33 
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Introduction. 

In' 1931, Wills demonstrated the curative eifect of autolysed yeast and crude 
fiver extracts in the treatment of nutritional macrocytic ancemia {N.M.A.) in 
India' (Wills, 1931). As a result of experimental and clinical investigations, she 
came to the conclusion that the condition was a food-deficiency disease, aggravated 
during pregnancy and caused by lack of Castle’s extrinsic factor (Wills, 1934). With 
the purification of liver extracts, however, it was soon realized that refined liver 
preparations, known to be highly effective in pernicious ansemia, were mactive in 
patients suffering from N.M.A. and in the analogous experimental monkey aneemia 
(Wills and Evans, 1938 ; Wills, Clutterbuck and Evans, 1937). Therapeutic trials 
showed that the missing factor was none of the known vitamins of the B-group- 
thiamin, riboflavin, nicotinic acid, pjnidoxin, pantothenic acid and para-amino- 
benzoic acid (Wills, 1945 ; Moore et at., 1944). Recently, Watson and Castle (1946) 
studied a group of cases of N.M.A. that did not respond to purified liver extracts 
but were improved by oral administration of crude livbr. preparations. They 
admitted that such cases were not due to extrinsic, factor deficiency' (Strauss 
and Castle, 1932) but were presumably the result of deficient intake of another 
factor— ‘ Wilis’ factor ' as they called it — ^present in Marmite and crude 
liver extracts, finally, Wills (1948) in a discussion of the essential individuality 

( 471 ) 



472 Folic Acid in Nutritional Macrocytic Ancemia. 

of N.M.A., sprue and pernicious ansemia suggests that this factor may be folic 
acid. 

^^Tiile there is no unanimity of opinion as to the effectiveness of highly refined 
liver extracts in the treatment of N.M.A. (Wills and Evans, loc. cit. ; Napier el al., 
1938 ; Eoy and Kondi, 1939 ; Trowell, 1943 ; Sundaram, 1944 ; Patel and Bheude’ 
1949), the response to synthetic folic acid appears to he uniformly satisfactory. 
Spies et at (1948) have thor 9 ughly established' the value of folic acid in the treat- 
ment of N.M.A. occurring in the Southern States of the XJ.S.A. and the West Indies, 
but more information from other parts of the world where deficiency diseases 
are endemic is urgently needed (Leading Article, Lancet, 1948). Das Gupta and 
Chatterjea (1946), Kemp (1947) and Goodall et al: (1948) have all reported good 
results with folic acid in a total of 21 cases from India. Erom South India, however, 
where the diets are known to be gravely deficient (Aykroyd and Krishnan, 1937) 
and the incidence of anaemia is high, there is but one report of a similar experience 
(Sundaram, 1948). In the 14 cases studied by this author were also included 
other macrocj'tic anaemias and in many -of them folic acid and liver extract were 
administered simultaneously. Out of 7 cases treated with folic acid alone, 'two 
show’’ed no response — a remarkabh'- high incidence — ^but unfortunately the reactive 
state of the bone-marrow in these refractory cases is not mentioned. In the present 
communication, it is proposed to submit the results of treatment with synthetic 
folic acid of six cases oi N.M.A. and one case of sprue associated with macrocytic 
anEemia and to compare them wdth the results obtained in one case of N.M.A. 
treated with a potent crude liver extract.* This liver preparation was reported 
to have yielded good results in a large number of cases of N.M.A. among Indian 
prisoners-of-war (Walters, Eossitter and Lehmann, 1947). 


Clinical material. 

Out of 45 cases of anaemia admitted to the Nutrition Clinic of the Laboratories 
during the year 1947-48, 7 patients with uncomplicated typical N.M.A. and 
1 patient with macrocytic anaemia of sprue were selected for this study. The 
nutritional' cases belonged to the local plantation-labom: class among whom a 
survey conducted concurrently (Eamalingaswami and Fatwardhan, 1949) revealed,"- 
among other deficiencies, sub-optimal intakes of B vitamins and animal protein 
products. The ages of the patients ranged from 22 to 55 years, and 3 of them 
were women. They were found to be free from malarial and helminthic infections, 
showed presence of free hydrochloric acid in their gastric contents, and none 
exhibited signs of spinal-cord involvement. The peripheral blood picture was 
distinctly macrocytic in every case and the bone-marrow showed a ‘ megaloblastic 
arrest ’ (but see below under Discussion). They aU complained of lack of appetite, 
weakness and fatigue. Diarrhoea was a prominent symptom and was present in 
7 cases, 3 of them suffered from mild peripheral neuritis, 2 had oro-lingual signs 
of riboflavin deficiency and 1 had Bitot’s spots. Fitting oedema of the lower limbs 
was present in 6 patients. With the exception of the sprue patient, none had been 
treated in the past for their current illness. 


* T.C.F, crude liver extract. 
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JIethobs and dosage. 

All patients ys axa admitted to hospital. A detailed dietary and medical history 
was obtained and a careful physical examination was conducted in each case. The 
red and white cell counts and determinations of haemoglobin [by iFong’s (1928) 
method using a photo-electric colorimeter] and of the packed cell volume (using 
Wintrobe’s hmmatocrit tubes) were made on 5 c.c. of venous blood obtained from 
the antecubital fossa and mixed in a tube containing a suitable quantity of oxalate 
mixture (Wintrobe and Landsberg, 1935). These observations were recorded 
in every case initially and weekly after starting treatment, blood being drawn in 
the recumbent position. Blood smears and reticulocyte counts were made on 
capillary blood obtained by fingerprick. The reticulocytes were counted against 
red cells by using 0’3 per cent brilliant cresyl blue in absolute alcohol. The counts 
were performed every day until the peak was reached. Films of bone-marrow 
obtained by sternal puncture prior to treatment were stained with May-6runwald- 
Giemsa (Cowdry, 1943) and differential counts performed on 500 nucleated . cells 
(results given in Table IV). Analyses of the stomach contents for free and total 
acid were made on (a) the fasting secretion, (6) after feeding 100 c.c. of 7 per cent 
ethyl alcohol and \c) after subcutaneous administration of 0*5 mg. of histamine 
acid phosphate. 

Throughout the period of observation the diet was strictly controlled and 
consisted of the following daily menu : Two rice meals with vegetable soup, 
4 slices of bread and butter, weak tea and an orange. Synthetic folic acid (Folvite) 
was administered in daily oral doses, starting with 20 mg. and then reducing to 
10 mg. after the 14th to 21st days. The patients were observed for one to three 
months on this regimen. No case could be followed for more than 3 months. 

Results. 

N.M.A. treated nnlh folic acid . — In each of the 6 cases, the effect on the clinical 
condition was striking. Diarrhoea was controlled within 48 hours, appetite 
returned between the 3rd and 5th days, and a sense of well-being was manifest 
from about the 7th day of treatment. CEklema had cleared up completely by about 
the 20th day and by this time the patients expressed an anxiety to return to work. 
Burning of the tongue and along the oesophagus, of which 3 patients had complained, 
were relieved ; but angular stomatitis and cheilosis persisted. During the period 
of observation which ranged from 30 to 80 days, no deterioration in peripheral 
neittitis initially present in 3 cases was observed. Bitot’s spots remained unaffected. 
The reticuloc 3 rtes began to rise from the second day, reaching a maximum of 9 to 
18 per cent on the 6th to 11th days. This was followed by a steady rise in the red 
ceil count and hsemoglobin, and by a fall, though more ^adual, of the mean corpus- 
cular volume to within normal limits. The initial red cell count which 
ranged from 1-19 to 2 '06 million/c.mm. and averaged 1-67, ranged from "3-36 to 
4-36 and averaged 3-93 after 4 weeks’ treatment. During this period, the mean 
hemoglobin value increased from 7-4 g. to il-9 g. per 100 c.c. The rise was less 
sustained thereafter in three cases followed for over one month, reaching a red cell 
count of 4-39 million and 14-86 g. of haemoglobin at the end of 50 days in case 
2 and 4-86 million and 14-4 g. at the end of 70 days in case 1. A sharp rise in 
the leucocyte count was evident in those cases associated with an initial value 
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of less than 4,000 cells/c.min. The hsematological data before and during 
treatment are presented in Table I and one case of the series is described in 
detail below : — 

Table I. 


Response to folic acid in 6 patients loith N.M.A; 


Case. 

Age. 

Sex. 

Da5\ 

R.b.c. 

mill./ 

c.mm. 

Hb. g. 
per cent. 

M.c.v. 

CU./t. 


Retic. 

PER CENT. 

Folic acid. 

W.b.c. 

Peak. 

Day. 

Daily 

dose, 

mg. 

Days. 



► 

1 

1-50 

6-9 


2,250 








14 

2-78 

9-1 


6,800 








28 

3-36 

12-7 


5,800 


r 

20 

1-21 

1 

55 

M 

1 





ll8 







42 

3-60 

13-2 

117-5 

8,760 


1 

10 

22-70 




56 

4-72 

13-9 

89-0 

4,850 







k 


4-86 

14-4 

82-5 

6,300 

, 







H 

2-06 

5-8 

116-5 

3,200 








14 

3-29 

7-2’ 

100-5 

10,600 




1 










( 

20 

1-14 

2 

22 

P 

28 

4-20 

8-2 

. . 

8,500 

9 

6] 










1 


1 

10 

15-49 




,42 

4-35 

11-2 

89-5 

6,000 


1 






50 

4-39 

14-8 

96-0 

6,350 


1 





r 

1 

1-19 

6-4 

147-0 

1,800 

] 





1 1 








1 

20 

1-19 

3 

35 

M ■ 

14 

2-65 

10-1 


4,000 














. 1 

10 

20-42 

1 



42 

3-55 

11-8 

84-5 

• 6,200 

I 






r 

1 

1-4G 

6-5 

123-0 

6,200 

• 













r 

20 

1-21 

4 

36 

M ■ 

14 

3-30 

11-2 

103-0 

3,600 

'-11 













1 

10 

22-30 




28 

4-36 

13-4 

88-0 

5,400 








1 

1-83 

7-8 

115-0 

5,200 











- 



( 

20 

1-21 

6 

30 

P ■ 

14 

3-10 

10-5 

106-5 

4,200 

13 


10 

22-30 




29 

3-89 

11-6 

95-0 

4,400 

j 






( 

1 

1-98 

lO'S 

166-6 

8,000 














( 

20 

1-18 

6 

45 

M ■ 

14 

3-00 

12-4 


•• 

il8 

*1 

10 

19-30 




28 

3-84 

13-4 

B 

* • 

■ 

















rRB ^ “ -j . 

Besfonse^___j:^ \ \ v.T.b.o. \ ? 



0-06 \ 

5-0 

1 \ 


3 \ 

'•’• \ 



•• \ 

1-6 

6 ' 

i 1-24 \ 


10 

9-4 

13 

\ 2-12 \ 

10-8 

n 

\ 3-90 ' 

^ 12-0 

34 

^ 3-9 T 

44 

— ^ 


4,^60 

1,860 

1,300 

4,860 
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cell Count of 3‘83 million and 12 g. Hb. reached at the end of the same period in 3 patients of the 
group receiving folic acid. The greater increase in red cells and Hb. obserred in this patient can 
be explained by his lower initial figures. 

Macrocytic anceniia of sprue treated with folic acid . — In contrast to the low economic status and 
poor dietary history of the above oases, R. S., Oase 8, a well-to-do woman aged 30 years, called at the 
Clinic on 14th April, 1948 complaining of diarrhoea, sore-mouth, weakness and fatigue of 6 years’ 
duration. During this period, she had had several relapses of diarrhoea with pale bulky foul-smelling 
stools, without blood or mucus. She had been previously unsuccessfully treated with bismuth, 
emetine, liver and iron preparations. She had lost considerable weight, her menstrual flow became 
scanty and the abdomen was distended. On examination, she was a pale, emaciated woman, weighing 
72 lb., tongue showed denudation of mucous membrane at the tip and margins, abdomen was distended 
and tympanitic, there was no evidence of free fluid and liver and spleen were not palpable. Cardio- 
respiratory and nervous systems showed no abnormality. On a diet containing 40 g. of fat daily for 
3 days, total fat in the dried stool was 34"9 per cent. No cellular exudate was present on.mieroscopic 
examination and no pathogenic organisms were isolated on culture. Her initial red cell count was 
2’77 miUion/c.mm., Hb. ll g. per cent, w.b.c. C,S50/c.mm., p.c.v. 34 c.c. per cent, m.c.v. 122'7 cu.g, 
m.c.h. 39‘6 yy, m.c.h.c. 32‘3 per cent, reticuloc^es 1'43 per cent. Bone-marrow showed a megalo- 
blastic hyperplasia. Alcohol-fast but not histamine-fast achlorhydria was present. Twenty mg. 
of folic acid a day were given by mouth for three weeks and the dosage then reduced to 10 mg. By 
the fourth day her general condition greatly improved, appetite returned, there was no burning of 
the tongue and the frequency of the stools was reduced to twice a day. The improvement was main- 
tained throughout the five weeks’ period of trial at the end of which time her weight had increased 
by 12 Ib. The effect bn the blood picture is presented in Table III. It will be noted that at the end 
of five weeks of folic-acid treatment, there was practically no change in the level of haemoglobin, 
although a slight increase in the red cell count occurred, and the mean corpuscular volume returned 
to within normal limits. The absence of hseraopoietic response, despite dramatic symptomatic relief, 
in treating the sprue syndrome with folio acid was remarked by Davidson, Girdwood and Innes (1947) 
and by Morrison and St. Johnston (1947). The patient was then treated with proteolysed liver 
powder’^ (3 teaspQonfuls twice daily) for a further period of 1 month. This resulted in a slight rise 
in the red cell count but the Hb. remained nnaJIected. 


Table III. 


Resfonse to folic acid in one patient with macrocytic anceniia of sprue. 


Day of 
therapy. 

Treatment. 

R.b.c, 

mill./ 

c.mni. 

Hb.g. ' 
per cent. 

M.C.V. 

CU.fl. 

w.b.c. 

Reticnlocytes, 
per cent. 

1 

Folic acid 20 mg./day 

2-77 

11-0 

122-7 

6,850 

1-43 

5 


3-06 

10-1 

104-5 

6,900 

• 4-00 

11 


3-32 

lOT 

96-4 

6,400 

9-5 

18 


3-53 

10-1 

90-6 

6,800 

3-2 

21 

Folic acid 10 mg./day 

, , 

. • 


4’960 

. * 

28 


3-62 

11-6 

87-0 


36 


3-68 

11-6. 

86-9 

7,500 


36 

Proteolysed liver 

, . 

I’o's 

81-8 

5,600 

• • 

50 


4-03 

. • 

66 

>> 

4-10 

10-8 

95-1 

10,800 

• • 


Discussion. 

The patients in the small series described above bad typical _ uncomplicated 
N.M.A. and the results clearly show that synthetic folic acid administered orally 
will bring about a prompt improvement in their clinical and hmmatological status 
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which is in every way comparable to the parenteral administration of a potent 
crude liver extract. The convenience of medication by mouth makes folic acid 
the drug of choice, although the hsemopoietic effect was not found to be superior 
as claimed by Goodall cl al. {loc. cil.). Comparison of the results with those obtained 
in pernicious anajmia treated with folic acid (Davidson and Girdwood, 1947 ; 
Wilkinson, - 1948) also shows that the imjirovement in the blood picture in both 
conditions is similar. It is of interest that three patients with peripheral neuritis 
at the beginning of treatment showed no subjective or objective deterioration at 
tlie end of the test period. Case 1, who was followed for over 80 days, showed 
no change in his neurological condition. Davidson and Girdwood (1948) noted 
that severe midtiple neuritis developed in some pernicious anmmia patients treated 
with folic acid. The neuritis, although recent, shbwed no response to administra- 
tion of thiamin h}'drochloride, which indicates that the mechanism may not be 
through an upset in the balance of B vitamins. The maximum reticulocyte counts 
attained by the patients were in general lower than those observed by others. 
Macrocytosis of the red cells persisted for 14 to 22 days, a finding similar to that 
of Das Gupta and Chatterjea {he. cil.). It should be noted that the diets were 
restricted throughout the period of study and it is lUcely J;hat higher blood figures 
and quicker rehabilitation could be achieved by simultaneous institution of diets 
high in calories and rich in essential nutrients. The dosage of folic acid adopted 
here appears to be adequate. 

The bone-marrow morphologij in N.M.A. — In the discussion that follows, the 
nomenclature is that of Israels (1941) and the tprm megaloblast is confined to a 
series of pathological cells with a distinctive nuclear structure as seen typically 
in Addisonian pernicious anaemia in relapse (Israels, 1939). It is often stated that 
the bone-marrow in N.M.A. is megaloblastic and indistinguishable from pernicious 
anaemia and that gastric achlorhydria, in the absence of spinal cord degeneration, 
is the only point of distinction (Spies, 1947 ; Spies el al., loc. cit.). In the present 
series, the bone-marrow of the patient with sprue and of four others with N.M.A. 
showed a typical megaloblastic reaction (Table IV) : — 


Table IV. 


DifferaUial counls on nucleated marrow cells {percentage frequency). 


Case number : — 

I 

9 

' 3 

4 

5 

6 

7 

8 

Total white cell Beries 

41 

52 

50 

39 

47 

58 

45 

48 

Total red cell series 

59 

48 

50 

61 

53 

42 

55 

52 

Hajmocytoblasts and otlier unclassified 

3 

1-8 

1-.5 

2 

2 

1 

1-4 

1-8 

blast cells. 

Pro-erythroblasts . . - . . 



8 


5-2 

2 


Early normoblasts 


6 

31 

4 

30 

25 

5 

4 

Intermediate normoblasts 

5 

8 

4 

3 

6 

■ 8 

6 

2 

Late normoblasts 

4 

6 

2 

1 

4 

3 

3 

1 

Basophilic megaloblasts 

10 

8 

^ . 

16 



19 

14 

Bolychromic megaloblasts 

16 

14 

3 

28 ' 

3 

2 - 4 - 

15-4 

19 

Orthochromio megaloblasts . . 

4 

4 


7 

1 


4-6 

10 

Megakaryocytes . . 

1 

0-2 

6-5 


1-8 

0-6 

0-6 

0-2 
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Explanation op Plate VI. 

Eig. 1. {Case No. I, bone-marrow, May-Grumvald-Giemsa stain, X ],]50), 

Megaloblasts of Ehrlich’s type showing varying grades of 
cytoplasmic ripening, 

„ 2, {Case No. 3, bone-marrow, May-Grunwald-Giemsa stain, X 3,150). 

A group of erythroblasts of the early normoblastic type, 

„ 3. {Case No. 2, bone-marrow, May-Grunwald-Giemsa stain, X 1,150). 

A group of basophilic megaloblasts with commencing 
hsemoglobinization. 

„ 4. {Case No. 5, bone-marrow, May-Grunwald-Giemsa stain, X 1,150). 

Early normoblastic reaction. 

., 5. {Case No. 7, bone-inarrow, May-Grunwald-Giemsa stain, X 1,150). 

A group of polychromic megaloblasts. 

6. {Case No. 8, bone-marrow, May-Grunwald-Giemsa stain, X 1,150). 
A group of orthochromic megaloblasts. 



J'l^TE VI, 
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SUMMAEY AND CONCLUSIONS. 

_ 1. _ Six patients witli typical uncomplicated N.M.A. were treated with synthetic 
folic acid by mouth. The clinical and hsematological improvements were striking 
and identical with the response obtained in another patient with N.M.A. treated 
with crude liver extract by intramuscular injection. 

_ 2. Treatment of one patient suffering from sprue in association with macro- 
cytic anaemia resulted in prompt symptomatic relief but was not followed by any 
appreciable haemopoietic response. Subsequent treatment with proteolysed liver 
for one month also produced no change in the hseinoglobin value. 

3. The morphological types of erythropoiesis in N.M.A. are discussed in the 
light of recent advances. 


It is a pleasure to thank Mr. E. H. Leach of the University Laboratory of 
Physiology, Oxford, for the microphotographs and Dr. V. N. Patwardhan, Director, 
Nutrition Research Laboratories, Coonoor, for his help in conducting this investiga- 
tion. The authors are grateful for the generous supply of folic acid (Folvite tablets) 
placed at their disposal by Messrs. Lederle Laboratories Inc., N. Y. 
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Galotropis gigantea, belonging to the N.O. Aselepiadacece, is an erect perennial 
shrub occurring throughout India, and is commonly known by the following 
names in the various Indian languages : Arka (Sans.) ; Madar (Hindi) ; Akanda 
(Bengali) ; Eruklvu (Tamil) ; Jelludu Chettu (Telugu). 

It grows chiefly in wasteland, requires neither cultivation nor proper attention 
and vdthstands dryness for several months. The bark is pale, and young shoots 
are covered with a white tomeutura ; leaves are subsessile, oblong, acute or 
acuminate ; flowers are dull-purple or purplish or white, umbel or corymbs ; seeds 
ovate with a silk-white coma. 

In the indigenous literature it is a reputed medicinal plant, the root bark being 
considered to be a valuable remedy in skin diseases, enlargement of abdominal 
viscera, intestinal worms, cough, ascites and anasarca ; the milk juice a drastic 
purgative and caustic, the flowers a digestive stomachic and tonic ; all parts of 
the plant are said to have valuable alterative properties in small doses and emetic 
in large doses. In South India the milk juice is a favourite application in painful 
joints and is used in criminal poisoning for infanticide by giving internally and 
for producing abortion by local application. 

Reports have been received from several veterinary ofBcers of the Madras 
Presidency, including the Principal, Madras Veterinary College, stating that 
'Galotropis gigantea possesses toxic effects on animals, the leaves and roots being 
employed in criminal cattle poisoning. The OfScer in-Charge of the Veterinary 
Hospital, Poona City has reported that the various parts of the plant are useful 
as counter-irritant, vermicide, cathartic, expectorant, stimulant and caustic. " 

No detailed work appears to have been done on this plant. ’ 

( 483 ) 
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Toxicity of Calotropis, gigantea-. 

With a view to investigate the toxicity of the plant and to establish its thera- 
peutic usefulness in veterinary practice research was, undertaken under the 
auspices of the Indian Council of Agricultural Research in the Scheme for Research 
into Indigenous Drugs of India relating to veterinary practice with special 
reference to toxicology on the following lines : — 

1. Feeding experiments on dogs, cattle and sheep. 

2. Isolation of the active principle by chemical analysis. 

, 3. Pharmacological actions of the active principle or principles. 

4. Search for antidotes. 

5. Therapeutic trials. 

Matenal.-— The plant which is gro»ving in abundance around the city of Madras 
was obtained in large quantities, dried in shade, leaves and flowers separated and 
powdered apart and stored. The milk juice, used for isolation of the active 
principle, was obtained fresh whenever needed, by collecting the various drops 
that exudes when the leaves are plucked. 


Feeding 'experiments (leaf poivder). 

Thirteen dogs were fed with the powder of the dried leaves in varying doses 
ranging from 1/8 g. to 4 g. per kilo body-weight. The train of symptoms 
produced was all similar except for the severity according to the dose. Fifteen 
minutes after administration the dog becomes uneasy, burrowing’ the ground with 
the fore paws. Salivation begins, which becomes excessive, foaming at the mouth. 
This was followed in 5 minutes by severe retching and vomiting of the whole drug 
given, leading to prostration of the animal. On an average the interval between 
the time of administration and the act of vomiting was found to be' 30 minutes. 
The drug was usually given suspended in water by stomach tube. Administration 
of the leaf powder in warm water hastened the train of symptoms and vomiting 
was produced in 25 minutes. Hypodermic injection of atropine, administration 
of demulcents as gum acacia and treacle before the administration of the powder 
delayed emesis considerably, by 30 minutes or more. 

Dose of J g. and i g.’ per kilo body-weight, which were toxic to dogs, did 
not exhibit any symptom in calves. Similarly, doses of J g. and 1 g. of the leaf 
powder per kilo body-weight did not reveal any change in the normal behaviour 
of goats (Table I). 

Aqueous extract of the leaf poivder . — ^The aqueous extracts were prepared by 
boiling the powdered leaves with water and decanting the fluid successively 3 or 
4 times. The extract obtained by decantation was concentrated to 3 to 4 ounces 
by evaporating the water content. 

A single dog fed with the aqueous extract equivalent to one gramme of powder, 
per kilo body-weight produced the same symptoms as the leaf powder. 

With the residue, however, which was given to another dog, slight restlessness 
which passed off in 5 minutes was the only symptom noticed. 

Cumulative action . — To determine the cumulative action of the drug, several 
dogs, 2 caives and 2 goats were tried with daily administration of the powdered 
leaf in varying doses (Table II). ' , 



Feeding experment to find out the toxicity of Calotropis gigantea on canines and ruminants. 


F. RaiJinasahapatJty, K. Lalcshmn Rao and' Others. 
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Table II. 

Feeding experiment on canines and ruminants to determine the cumulative toxicity of Calotropis gigantea. 


c3 


C 


^ ^ cs ^ 

5 .2 03 

C •+i 3 CO O 

•S g g 

a §C ■§'5 S ! 

5 -J S '-s. g ^ 

go g 

g>;S O ^ o 

S. S « rM o a « 
Sort o 
o a V.4 ^ a 

» al « 

S .2 ^ g 

m ^ m c3 S 

O © O vr.S 3 3 

■S,a “ -- 

a " - . 

m 


c 3 32 p ^ rj 

C rt ^ o 43 H 

*-• B o ^ 0 
O O O ti£)^ 

n S M O O 

^ .S g 'S B 

H 


3 CO 

.3 o « 

■3 g «. 

o a^ 

g>s'i 

8 Q> a 

*- f-» 

° § 

m a* 

.2 o 

• . CQ 43 

« S ” 

2 o 

0 o 

IS 

CD 

•§1 ° 

'^‘S g’ 

s <u 2 
® a 
3 2 

Mi “rQ 

|ga 

2q 


: o 


o o 


3 ^ 

^ 43 
2 B 


fl'3 

i g 

t-t 

_ ® 

^3 w 

O fO 

o 

O] 

O 03 

bo-s 

S 

O tH 
o o 
o 

^ c 

"ot 'TJ * 4 ^ 

©0)0 

C $-4 CO 

a a 

O 
C B 

<D a 


•3 O 

g-s 

CfH 
CO O 

O CO 
CO O 

p 


o 


a 


o a 

rP o 

s 

c^ 03 

O S 


o 2 

g>:g 

O U-, 

O o 

- CO 


'U ^ .. «» 

E? 5 i~ a 

a -tJw 


Crt CO o 

g ^2 = 

“ K 8-2 

g I 


^ I 

$■ O 

jA ^ 

^ a 

"si 

5 § 

2 o 

23 

■g “ 

tao >> 

03 

S 03 

3 

^ to 

g o' 

as 

“t 

2 S 

q,c 3 . 

a-^s 

•"' g.£p 
3 a 0 
5 te 

.2 S ^ 

• rt C fl 

O 


p 

o 


t> ® 


o 


n3 

o 


t 4 -( 

o 

tj o 


f*a ,2 

a '§ .s 

^ •V 
a 


Cl cc 


C5 


eo 

Cl 


»o 

Cl 


<M 

<M 


O 

43 ^ 

ph a 

o’C 

ff) <u 

gn 

|a 


p 

o 

3 

O 

C 4 H 

a 

o 


43 

§ 

K 

o> 


=3 

C 

o 

& 


^ g 

o .2 

43 

« a 

IS 


p 

o 

rO 

o 

Pm 

lM 4 

a 

© 


>> i 

VO 

VO 

VO 





43 


p 

Cl 


o 

p 

o 

g “ 

p 

c? 

o 

o 




o 

Cl 


O 

CO 


cb 


(p 

cb 




00 

Cl 


o 

Cl 


fcc^ 
O P 

ft g. 


pd CO 

0 Ph 


3 

a 

'S 

-5! 


.B 

a 

B 




»-<5i 


<N 

cb 




Cl 

lb- 


p 

cb 


o 


»3 




p 


i© 

cb 


cj 

i> 


IP 

o 


>o 


o 

Cl 


o 

Cl 


50 

O 

P 


P-» 

'a 

O 


a 

o 

O 


Cl CO 


CO 




V. Ratlmasahafothy, K. Lalcshman Bcio and Others. 487 

Dogs wliioh were given daily doses of 1/8 g. to 4 g. per kilo body-weight 
iost in condition and body-Aveiglit quickly, the appetite was deprived, dullness 
and prostration supervened resulting in death from 3 to 7 days. The symptoms 
produced by a single daily dose were quickened and intensified on the succeeding 
days. On post mortem severe congestion or superficial necrotic changes of the 
mucous membranes of the stomach, intestines and rectum were noted. The liver 
was enlarged and congested, friable and small areas of necrosis were occasionally 
found. The spleen was congested. Congestion of the cortical and medullary 
vessels of the 'Iddneys, and degenerative changes of the tubules were also 
common. 

Nothing unusual was found with lungs and heart. 

The aqueous extract of the residue produced the same results as the leaf 
powder. 

As against the canines, ruminants as calves and goats, which were fed with 
I g. to 1 g. of the powder per kilo for more than 20 days to a month, did not reveal 
any harmful effect. On the other hand an increased appetite, glossy skin and 
better healthy condition of the animals observed were noteavorthy. 

From the above feeding experiments it is clear that there is a certain irritant 
principle in the leaves partially soluble in water, which by irritation of the gastric 
mucosa produces reflex salivation and emesis. Delayed emesis caused by prior 
administration of atropine and mucilages may be attributed to the anti-sialagogue 
action of the former and the demulcent action of the latter which antagonized the 
irritant action of the leaf powder on the gastric mucosa. The active principle 
has been found to be cumulative, thereby damaging the liver and the tubules of 
the kidney during accumulation and excretion, and death being attributed to the 
cumulative toxic action of the same. 

The failure to produce the above harmful effects in the case of ruminants 
is probably due to the complexity of the stomach and large volume of the rumen, 
where most of the drug might get itself either de-toxicated or distributed in a large 
area whereby concentrated action is impossible. Its tonic action on the general 
health of the animal is to be investigated by subjecting the active principle to 
pharmacological actions of the various organs. 


Isolation of the active principle by chemical analysis. 

Chemical work was undertaken in order to isolate the poisonous principle of 
the plant from the latex and also from the leaves of the plant. Working on the 
leaves it was possible to obtain a fraction whicli had the same pharmacological 
reactions as that of the active crystalline principle isolated from the milky juice. 

The procedure for the investigation on the leaf powder was as follows : — 

Material for this investigation consisted of leaves obtained from the local 
area dried in the shade and powdered. 

Preliminary examination. — Fifty grammes of the powder were extracted 
with water and the aqueous extract gave the following reactions : — 

1, It was faintly acidic to litmus. 

2. It gave no reaction with FeClj indicating absence of tannins. 



488 


Toxicity of Calotropis gigantea, 

3. It gave faint-reducing reaction with Fehling’s solution. 

4. ^ The acidic aqueous extract gave no precipitate with Mayer’s and other 
alkaloidal reagents. 

Extraction ivitli different solvanls. — ^In order to have a general idea of the nature 
of the constituents contained in the powder, 20 g. of the ground material were 
extracted in a Soxhlet’s apparatus, successively with various solvants when the 
following amounts of extracts dried at 100°C. were obtained : — 


Per cent. 

Petroleum ether ... ... ... i-28 

Ethyl ether ... ... ... 0'82 

Chloroform ... ... ... 1-98 

Ethyl acetate ... ... ... 0‘54 

Ethyl alcohol ... ... ... • 16‘82 


Detailed investigation. — One kg. of the leaf powder was extracted with cold 
alcohol by percolation to exhaust. The alcohol was distilled off under reduced 
pressure and the residue taken with water. The volume of the aqueous liquid 
was 300 c.c. A dark resinous solid was separated. The clear aqueous liquid was 
then extracted with : (i) petroleum ether, (n) ether, (in) chloroform and (iv) ethyl 
acetate. 

.(i) Petroleum ether residue. — The residue was refluxed with alcohol and cooled. 
The insoluble fatty matter separated as an oily layer which was collected in a dish. 
The insoluble fraction consisted of fats and oils. 

(ii) Ether residue. — The residue got by extracting with ether was resinous 
brownish matter and was dark in colour and was thrown down on adding water. . 
The resin was soluble in alcohol. 

(Hi) Chloroform extract. — The residue from the chloroform extract was dissolved 
in alcohol and diluted with water-. Eesinous substance was separated. The 
solution was turbid even after filtration. It was then extracted with ethyl acetate. 
This fraction was kept in a dish, but nothing definite was separated. 

(iv) The aqueous solution was extracted with ethyl acetate, but nothing definite 
was separated. 

Aqueous liquid. — The aqueous extract was then worked up as in lead method. 
The aqueous liquid was treated Avith lead acetate solution. The lead precipitate 
was separated by filtration and collected. The filtrate was freed from lead by 
passing hydrogen sulphide in the solution. The solution which was then filtered 
and freed from lead sulphide was concentrated on a Avater-bath to a s}wupy 
consistency and kejjt in a desiccator. Nothing definite Avas separated from this. 

The lead filtrate was bitter to taste. It aa'us divided into tAAm parts according 
to the solubility in alcohol. The fraction which was soluble in alcohol was freed 
.from alcohol and again extracted Avdth ethyl acetate. The ethyl-acetate extract 
Avas then concentrated by remoAung ethyl .acetate by distillation and the residue 
dissolAmd in a little amount of AA^ater and filtered. The filtrate was then tried for 
pharmacological experiments and it showed similar actions as those of the actiAm 
principle of the millcy juice. 
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The lead precipitate was taken and was well refluxed with alcohol. The 
alcoholic solution was freed irom lead by passing hydrogen sulphide. The solution 
was thus freed from lead and evaporated in vacuo in a desiccator over concentrated 
sulphuric acid. 

The concentrate was then tested. It was acidic to litmus. ^ It gave_ reducing 
reaction with Fehling’s solution, but it never gave reducing reaction after 
hydrolysis. 

Madar juice— As the juice of Calotropis is very poisonous and as according 
to Dyniock many accounts have been given of various preparations from the juice, 
attempt was made to isolate the crystalline principle. The method adopted was 
as follows ; — 

iMadar juice is a ivhite milky liquid and has specific gravity of r021 to 1'024 
and the total solids amount to about 14'8 per cent. On heating it separates into 
a whitish clot and a straw-coloured serum. 

Isolation of poisonous principle. — ^A’ladar juice was heated on a boiling water- 
bath to effect coagulation. The clear yeilowish serum which separates was 
filtered ; the clot washed with boiling water and the washings added to the 
serum. 

The serum was then worked with solvants like petroleum ether and ether. 
The extracts olitaincd in ether and petroleum were resinous rubber-like 
substances. 

The serum was then repeatedly extracted with ethyl acetate, the extract being 
collected in another separating funnel. The total ethyl-acetate solution was then 
washed with small quantities of distilled water. The ethyl acetate was then 
distilled off over a boiling water-bath and the residue taken u]) with hot ethyl 
alcohol. The ethyl-alcohol solution was concentrated and set aside for crystal- 
lization. Crystals of Ijrownish colour were obtained along ryith the brownish 
resinous substances. The brownish matter was washed and removed by dissolving 
in acetone. The crystals were then collected and re-crystallized. Whitp crystals 
were obtained after two re- crystallizations. The melting point of these crystals 
was found to be 238°C. 


Pharmacological actions of the active principle. 

Materials . — 

(i) An amorphous, water-soluble substance, obtained from the leaves by 

the method described above, was made into solutions of desired 
strengths, kept in the frigidaire and utilized when required. 

(ii) The crystalline substance from the milky juice of the plant was first 

dissolved in a few c.c. of 95 per cent alcohol and further dilutions 
effected in distilled water. The solutions were stored in the frigidaire 
and taken out when required. 


Action of the amorphous substance of the leaves. 

_ On circulation.— 2-0 mg. of the substance (i- c.c. of a Oh per cent solution) 
injected into the femoral vein of dogs, weighing about Sh kg. under paraldehyde 
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anaesthesia, produced an immediate rise of the carotid blood-pressure which was 
sustained for 15 minutes. The rise was steep but the fall was very eradual (see 
Plate VII, Graph 1). 

The rise is due in part to peripheral stimulation of the heart and in part to 
the peripheral vasoconstriction. The share of the latter is shojvn , by the observa- 
tions that the volume of splanchnic organs, such as spleen, decreased as the blood- 
pressmre rose. Similar actions were reproduced even in dogs which have been 
decerebrated, thereby eliminating central stimulation. 

On mmnmalian heart. — ^Dogs under, paraldeh 3 '^de anaesthesia were decerebrated 
under artificial respiration. A portion of the sternum and ribs were cut and 
removed. Pericardium Avas slit open and made into a cradle, for the heart, by 
stitching it to the sides. The right auricle and the apex of the heart were hooked 
with small curved pins and attached by means of strings to heart levers writing 
on the moAung kymograph drum. When the drug was injected into the femoral 
A’-ein in the same dose mentioned above, an immediate stimulation of the heart was 
obserA^ed. Increased frequency and amplitude were marked. Similar actions 
were produced in the cat also (see Plate YII, Graph 2). 

Half an hour later 0T3 mg. of atropine was injected into the femoral vein. 
Kepetition of the drug produced the same results. 

Isolated frog’s heart. — Perfusion of isolated frog’s heart with Einger solution 
containing the drug in a concentration of 1 in 10,000 sloAA’ed the rate but increased 
the force of ventricular contractions as shown by the increased excursions. The 
passage of impulses from the auiicle to ventricle appears to be interfered with, 
as eAudenced by the partial heart block noticed. 


Actions of , tie crystalline principle obtained from the milky juice. 

The pharmacological actions of this principle resemble in nature that of the 
former but are- more poAverful. 

On circulation. — 0'25 mg. of the substance (O’l c.c. of a 0’25 per cent solution) 
has been found to produce a similar rise in carotid blood-pressure which was 
sustained for 20 to 25 minutes and the rise Avas due to the peripheral stimulation 
of the heart and peripheral vasoconstriction (see Plate VIII, Graph 3). 

That the peripheral action on the heart and blood vessels was on the muscula- 
ture was shown as follows : — 

The S 5 ’'mpathetic vasoconstrictors of a dog kept under artificial respiration 
were paralysed b}'^ slow injection of 15 mg. of ergotoxine (@ 5 mg. per kilo body- 
weight) into the femoral vein (confirmed by a dose of adrenaline Avhich produced 
a fall in the blood-pressure). A dose of 0’25 mg. of the active principle Avas then 
given which continued to cause the same rise in blood-pressure as before 
(SCO Idate VIII, Graph 4). 

On the blood vessels. — One of the hind legs of an anaesthetized dog Avas perfused 
AA'ith warm oxygenated normal saline solution. The perfusion Avas done through 
a cannula introduced into the femoral artery and the outflow Avas taken out through 
the femoral A'-ein and allowed to drop on an Inchley’s drop recorder Avhich was 



Plate VII. 





OnAPH 1. — A record of the carotid blood-pressure and 
of a bitch 3‘8 Up. body-weigiit under pavaldc- 
ayclc anasstliesia. Note the rise in the blood-pressure after 
an injection of 2'5 mg. of the amorphous active principle 
at the leaves. (Time 6 seconds.) 


Gbai’ji 2. — A record of the myocardiogram of a decerebra- 
ted cal under chloraloso anaistbesia. Note tlic stimulation 
of the auricle and the ventricle and the rise in carotid 
blood-pressure after an injection of 1 ing. of the active 
principle of tlio leaves. (Down strokes are contractions. 
Time G seconds.) 


Plate VIII. 








Graph 3. — A record of the 
carotid blood-pressure, respiration 
and spleen volume of a dog of 2‘-t 
leg. body-weight under paralde- 
hyde anaesthesia. Note the persis- 
tent rise in the blood-pressure and 
the corresponding decrease in the 
spleen volume after an injection 
of 0'25 mg. of the crjestalline 
principle of the Madar juice. 


Graph 4. — A record of the carotid blood-pressure of a dog under paraldehyde 
anrestliesia after paralj'sing the sj’mpathetic vasoconstrictors bj' ergotoxine. 
Note the rise in blood-pressure after an injection of 0'2o mg. of the crystalline 
active principle of the milk. 



CJuai’H r >. — A record of the movements of the ventricle of a perfused kitten’s heart. Note tlio 
failing heart and tlie revival of the failing heart after injection of one c.c. of 1 in 50,000 solution of 
crystalline principle into the aorta. (I’iinc G seconds.) 
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connected ))y means of a pressure-tubing to a tamlmur carr}dng a writing lever 
adjusted to record on a kymograpli moving at a medium speed. Injection of tlie 
drug into the arterial cannula caused considerable reduction in the venous outflow. 
This was uidicated by a fall in the frequency of the record of drops on the kymo- 
graph. The results suggest that the drug exerts a vasoconstrictor action. 

Isolated mammalian heart . — A kitten was stuuued by a severe blow on the 
head, the chest opened immcdiatch’, the. heart removed and perfused with 
oxygenated Locke’s solution kept at 37’8°C. Concentrations of the substance 
to the extent of 1 in 400,000 in the Locke’s solution caused an immediate increase 
in the frequency and amplitude of the ventricular beat. The heart continued to 
work for 45 minutes, except for slight irregularities of missing a beat occasionally. 
The quantity of. the drug used equals O' mg. 

Higher concentrations as 1 in 200,000 produced an inunediate increase in 
frequency and force, soon followed by lessening of the frcqtienc}’’ maintaining the 
same force. Occasionally missing of a beat was noticed. The heart returned 
to normal after 15 minutes. The total quantity of the substance used was 
0'05 mg. 

Still higher concentrations, 1 in 10,000 in the Locke’s solution, produced an 
immediate stimulation both in frequency and force. The frequency lessened in 
a few seconds without affecting the force, the heart stopping in 7 minutes. The 
quantity of drug used was 0'5 mg. This dose is probably toxic. 

The above experiments go to prove that the drug has a direct stimulant action 
on the heart muscle. 

The irritability of the cardiac muscle was increased by the crystalline principle. 
The minimal effective current for stimulating the heart of a frog was found to be 
considerably decreased as shown below : — 


Distance of secondary from the rniMARY com in 

CENTIMETRES : 


Number. 

1 

j Before the drug. 1 

Dose. 

After the drug. 

1 

i 

j 10-5 

i 

0-0025 mg. 

11-5 


The effect of the drug on the latent period was studied in frogs. A stannius 
preparation was made by putting a soft clamp over the white crescent and the 
ventricle was stimulated by minimal induced shocks. The normal interval between 
the moment of stimulation and the beginning of contraction was measured. After 
removing the clamp an injection of the drug was given intrahepatically ; the 
crescent was again clamped, the ventricle stimulated and the interval between 
stimulation and contraction measured as before. Studied according to this 
■ method it was found that the drug decreases the latent period considerably. 

The influence of the drug on the refractory period of the heart was studied 
in the frog. The technique used was that mentioned by Waddell (1924). A 
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straight wire was attached to the armature of a signal magnet and was so arranged 
as to pull the writing lever away from the drum as soon as the circuit was m^e. 
The magnet was taken in the primary circuit and the surface of the heart was 
stimulated by platinmn electrodes from the secondary coil. Normally, a stimulus 
applied anywhere in the diastolic phase produces a contraction and compensatory 
pause, while the heart is refractory throughout the systolic j)hase. This substance 
has been found to decrease the refractory period. 

Intestinal movements in an intact animal were studied after gndng the drug 
" intravenously in anaesthetized animals. It has been found not to possess any 
marked action on the intestinal musculature. 

Kidney volume. — One-tenth of a mg. of the drug did not produce any appreciable 
change in the kidney volume, but heavier doses like 1 mg. did produce a decrease 
of the kidney volume corresponding to the rise in blood-pressure. 

Diuresis. — The diuretic action was studied by directing the urme from one 
of the ureters of an anaasthetized dog to fall on an Inchley’s drop recorder. A 
transient increase in diuresis was noticed after giving the drug. 

Action on rabbit’s uterus. — The cr 3 '’stalJine principle produces a violent contrac- 
tion of the uterus both in the intact animal and in an isolated perfused organ; 
also before and after paralysing the sympathetic nerve-endings by ergotoxine. 

Tower to revive a failing heart. — ^During the various trials made one or two 
cases of failing heart were met with and they were revived by the administration 
of these drugs. A dog under paraldehyde anaesthesia was kept ready for the 
experiment on the table. Immediately after -eonnecting the carotid and venous 
cannulse the blood-pressure was rapidly approaching to zero. But for the immediate 
administration of 2'5 mg. of the crystalline principle (I c.c. of a 5 per cent solution) 
which was kept for the usual experiment the dog would have died. To our surprise 
the blood-pressure rose' immediately and remained steady for the rest of the 
experiments. 

On another occasion an isolated Idtten’s heart attached to the perfusion 
cannula failed to work satisfactorily. The auricles and the right ventricle alone 
were beating. Fifteen minutes later 1 c.c. of 1 in 50,000 solution of the 
cr 3 ''stalline substance (0'05 mg.) was injected directly into the aorta. The heart 
revived, the left ventricle began to work and the heart was definitely stimulated 
- and worked satisfactorily foi; 20 minutes {see Plate VIII, Graph 5). 

Cumulation. — In most of the experiments it is found that the dog would not 
withstand a second or. third intravenous injection of a dose of 0'08 mg. per kg. 
body-weight. With the second, irregularities of the heart develo]?, the heart failing 
with the third injection. 

Fixation of the dose. — Minimal active dose is found to be O'Ol mg. per kg. 
body-weight intravenously. Eepetition of the drug five times in the above doses, 
at half-hour intervals, did not produce any harmful effect on the ansesthetized 
animal. 

0'3 mg. of the drug per kg. of body-weight given through the femoral vein 
proved fatal in the majority of the cases. 
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On Jiving ani}nals.~0-'2b mg. of tlio drug given snlicntaneoiply- and intra- 
venonslv and repeated in 24 lionrs in dogs weighing about 3 leg. to IVn kg. was found 
to be harmless. 

Two mg. in 2 c.c. given sulicutaneonsly to goats and calves of medium si^o. daily 
for 6 days, "did not produce any serious alteration in the normal condition of the 
animals.' Only in one case slight thickening of the skin and swelling at the site 
of injection which disa 2 >pcared later was observed. 

Further tcorh . — As the drug has a very sustained stimulant action on the 
circidation, further work on this is likely to give very encouraging results and this 
depends on the availability of suflicient material to determine the chemical const i- 
tution'and stability. 


CoNCLUSIOK. 

Since the leaf powder is found to produce a beneficial tonic action in case of 
ruminants, which is further evidenced by the stimulant efi’cct on the heart, it may 
possibly be made use of as a cardiac and general tonic. The o])timum dosage can 
be determined only after chemical identification of the active princiidcs. 


Summary. 

1. Feeding and {diarmacological experiments to determine the toxicit.y of 
Caloiropis giganlca have boon carried out. 

2. In feeding experiments the loixf powder is found to bo toxic to canines and 
non-toxic to ruminants such as calves and goats. On the other hand it exerts a tonic 
effect on the ruminants. 

3. Two substances which are identical in their physiological activities have 
been extracted, i.e. an ajnorphous substance from the leaves and a crystalline 
substance from the milk juice, the latter being more powerful. 

4. The active 'principle of the leaves and of the milk produces a sustained 
rise in blood-pressure when given intravenously to anaesthetized dogs and the 
action seems to be directly on the musculatm-e of the heart and blood vessels. 

5. It increases the irritability of the frog’s heart and decreases the latent 
period. 

6. The refractory period is shortened after the drug. 

7. It has been found to possess the power of contracting the uterus both in 
situ and isolated, before as well as after ergotoxine. 

8. The crystalline active principle of the milk has been found to revive failing 
hearts. 

The authors’ thanks are due to the Indian Council of Agricultimal Eosearcli 
under whose auspices this work was carried out, and to the Director of Animal 
Husbandry, Madras for his keen interest evinced in this work. They are also 
deeply indebted to Dr. C. Vareed, M.sc., Professor of I’hysiology, 
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NITROGEN, urinary influence of dietary' protein 
on, 327. 

NURSING, see foster-nursing. 

NUTRITIONAL, see anremia. 

OIL : Indian edible, sesame oil, 433 ; seed cakes, 
supplementary value of, to S. Indian diet, 
41 : shark-liver, effect of some factors on 
protection of vitamin A in, 11 ; examination 
of, for vitamin A, 1. 

OPIUM ADDICTION in Assam and attempts 
to eradicate it, 441. 

ORGANISMS, see Gram-negative. 

OVARIES, effect of foster-nursing on matura- 
tion of, 419. 

OXIDANTS, see anti-oxidants. 

OXIDASE, see venom. 

PANCREATIC, see insulin. 

PENICILLIN : bacteriostnsis, 151 ; influence 
of Mn ribo-nucleate, on the nature of, 151 ; 
purification of vaccine lymph by, 267. 

PERNICIOUS, .see anremia. 

pH, effects of, on stability of cobra venom, 
241. 

PHOSPHATASE, alkaline, in erythrocytes, 233. 

PHOSPHORUS, absorption of, level of protein 
intake and quality of protein on, 85. 

PHOTO-ELECTRIC, see colorimeter. 

PIGMENTS, see carotenoid. 

-PLANT, see antibiotics. • 

plantation labour, see diet, health. 

POTENCY, see pancreatic. 

PREGNANCY, see anremia. 

PREPARATIONS, see food. 

PROTEIN : -quality of, on calcium and phos- 
phorus absorption, 85 ; dietaiy, influence of, on 
urinary N, 327 ; intake, level of, 86 ; meta- 
bolism, 327. 

PTERYGOSPERMIN, see Moringa. 

RATS, effect of certain supplements on growth 
of, 33. 

REACTION, see immunity. 
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relapsing fever, tiok-bonic, in ICnshmir, 
3S5. 

RE-VACCINATION, -^ce vaccinia vims. 

RIBOFLAVIN, influence of, in metabolism, 293. 

RIBO-NUCLEATE, magnesium, influence of, 
on nature of pcnic.ilUn inUibif ion, l.Tl. 

RICE, see diet, S. Indian. 

ROOTS, SCO Moringn plcr^gospcrmn. 

SALTS, sec aluminium. 

SESAME oil, 433. 

SHARK -LIVER OILS •. examination of Indian, 

1, protection of vitamin A in, 11. 

SNAKE, MC Venom. 

SOYA-BEAN milk, infant feeding with, 77. 

SPOILAGE, see fish. 

SUPPLEMENTS, cfTcct of certain, on groivth 
of vonne rats, 33. 

SUPPLEMENTARY VALUE of oil-.secd cakes 
to S. Indian diet, 41. 

SYMPTOMS, see diabetic. 

TEMPER.ATURE : cfrccts of, on gron-tb of fish 
spoilage bacteria, 91, on stability of cobra 
venom, 241. 

TICK-BORNE relapsing fever in Kashmir, 386. ' 

TOMATOES, carotenoid pigments of different 
cross-breeds of cultivated and wild varieties 
of, 183. 


TOXICITY of Cahtropis gtganlca, 483. 

TYPHOID fever, treatment of, with bacterio- 
phage, 249. 

TYPHUS : group of fevers in Jubhulpore area, 
373 ; fevers (epidemic), in Kashmir State, 
395. 

ULTRA-VIOLET rays, cfToots of, on stability 
of cobra venom, 241. 

URINARY, sec nitrogen. 

VACCINE LYMPH purification of, by penicillin, 
267. 

VACCINIA VIRUS preparations, reactions 
following re-vaccinations with, 366. 

VANASPATI, stability of added carotene in, 
under dilTercnt conditions of storage, 203. 

VENOM, cobra, isolation of an inhibitor of cyto- 
ohrome-cytochraTno oxidase system from, 
241. 

VIRUS, see vaccinia. 

VITAMIN A : determination of, with Lumetron 
photo-electric colorimeter, 311 ; effect of some 
factors on protection of, in shark-liver oil, 
11 ; examination of Indian shark-liver oils 
for, 1. 

WOUNDS, see anrerobic. 



